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THE HERITAGE OF HYPERTENSION® °° 
By Carouine BepeLtL Tuomas, M.D. 
ASSOCIATE PROFESSOR OF MEDICINE 


From the Department of Preventive Medicine, The Johns Hopkins University School 
of Medicine, Baltimore, Maryland) 


Tur familial occurrence of hyperten- 
sion is well recognized, but there is 
little agreement on the nature and num- 
ber of the hereditary traits, or on the 
mode of genetic transmission. The trait 
most often regarded as a precursor of 
hypertension is circulatory lability ap- 
pearing in youth and characterized by 
transitory elevations of blood pres- 
sure, arising spontaneously or in re- 
sponse to a standardized stimulus such 
as the cold pressor test®-$:™:'5, Never- 
theless, controversy surrounds the cor- 
relation of circulatory lability with 
familial hypertension, on the one hand, 
and with future hypertension for the 
hyperreactor on the 
Equally divergent views exist in re- 
gard to the inheritance of hypertensive 
vascular disease itself. Studies based on 
family pedigrees showing multiple 
deaths from apoplexy in successive gen- 
erations, or upon the family histories 
of patients hospitalized for hyperten- 
sion, point towards its conveyance as a 
single Mendelian dominant 
When the family histories of life in- 


surance applicants with and without 
high blood pressure are compared, how- 
ever, little difference in incidence of 
familial hypertension is found between 
the 2 groups". 

In view of these contradictions, stem- 
ming largely from differences in defi- 
nition of hypertensive disease and in 
composition of the populations studied, 
we have approached the problem of 
the heredity of hypertension from a 
different point of view. Using the Johns 
Hopkins medical students as subjects, 
we have analyzed their family histories 
in regard to hypertension and related 
disorders, and have also determined 
the incidence of certain circulatory, 
metabolic and psychological character- 
istics in the subjects themselves'*. Here 
I shall discuss the circulatory patterns 
of 84 subjects with history of hyper- 
tension in one or both parents, and 
compare them with the findings in our 
first 100 subjects whose parents are 
both free from hypertension. I shall 
also present some of the preliminary 
indications, derived from our genetic 


* Read at the Sixty-fifth Annual Meeting of the Association of American Physicians, 


Atlantic City, New Jersey, May 6, 1952. 


** This study was supported by Research Contract V1001M-2768. Veterans Administration. 
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HOS THOMAS: THE 
data, that hypertension is inherited, 
and not as a single Mendelian domi- 
nant, but in a more complex fashion. 
The hypertension 
based on clinical information obtained 
by the medical student in consultation 
with his parents, often supplemented 
by actual blood pressure readings, and 
by reports from family physicians. De- 
tails are added after the student has 
enough clinical experience to appre- 
ciate the problems involved. Instances 
of essential hypertension predominate, 


diagnosis of 


but apparent cases of secondary hyper- 
tension are not excluded. A history of 
stroke is taken to indicate hypertension, 
although doubtless leading to an oc- 
casional error, 


HERITAGE OF 


INCIDENCE OF HYPERTENSION AMONG 


HYPERTENSION 


resting blood pressure, transitory hy- 
pertension, transitory tachycardia, posi 
tive cold pressor test and overweight 
whereas hyperreactivity to exercise 
was found by us to have a high corre- 
lation with parental cardiovascular dis- 
ease?™-?.10.11,12.17.20. Also, we have added 
a modification of “transitory tachy- 
cardia” called “high resting heart rate,” 
since we rarely see our subjects under 
the “casual” conditions at which a 
heart rate of 100 or more is likely to 
be found. For brevity, these 7 deter- 


hereafter referred to as 


minants are 
“traits.” 

First. show some individual pat- 
terns of circulatory lability as they 


appear in subjects with parental hy- 


532 PARENTS 


OF MEDICAL STUDENTS 


TABLE 1 
Present Probabli 
Parent Vo Vo 
Fathers 28 10.5 9 3.4 
Mothers 33 12 4 16 6.0 
Total 61 11.5 25 7 


The incidence of hypertension among 
the parents of our subjects lies be- 
tween 1] and 16%, as shown in Table 1, 
since in addition to those with definite 
hypertension, most of those in the 
“probable” group have intermittent or 
labile hypertension at present. The 
mothers, at a mean age of 55 vears, 
have slightly more hypertension than 
the fathers at 57. Accordingly, since 
each subject has 2 parents, either of 
whom may be affected, almost 25% of 
medical students have a_ history of 
parental hypertension. 

The determinants of circulatory la- 
bility to be considered are defined in 
Table 2. Five of these have been linked 
by others with an increased likelihood 
of future hypertension, namely, high 


Hype riension 


fhsent Unknown 
Vo Vo Tota 
221 83.0 0 266 
210 Tsk 9 7 26 266 


lability of blood 
pressure and _ heart is shown by 
the subject of Fig. 1, studied at 
tervals during 4 vears in medical school 
His mother had progressive hyperten- 
sion first recognized at 39, leading to 
coronary occlusion, prolonged cardiac 
failure and death at 52. Most of the 
traits under consideration are present 
here. A blood pressure of 160/92 was 
recorded at the phvsical examinatior 
upon entering medical school. At rest 
in our laboratory, the diastolic leve 
was always under 80; but the svstolic 
level never came down below 120. The 


pertension. General 
rate 


in- 


resting heart rate was quite variable 
The cold pressor test showed a signi 
ficant diastolic rise on 2 occasions, a 
companied by acceleration of the hear 
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rABLE DEFINITIONS OF 7 


High Resting Blood Pressure 
High Resting Heart Rat 
Transitory Hypertension 
Transitory Tachycardia 
Positive Cold Pressor Test 


Hyperreactivity to Exercise 


Overweight 


* “Ideal” weight is based on tables publishe 
ind Actuarial Society of America, 1912. 


HERITAGE 
DETERMINANTS OF CIRCULATORY 


120 and or 80 mm 


OF HYPERTENSION 


LABILITY. 


or above 


SO or over. 
Occasionally 150 and or 90 mm, or above. 
Occasionally 100 beats per minute or above. 
Rise 
Pulse pressure rise of 42 mm. and heart 
rate rise of 28 or more afte 


of 20 mm. systolic and/or diastolic. 


r exercise. 


20 Ibs. or more above “ideal” weight.* 


‘d by the Association of life insurance directors 
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Fic. 1.—Subject 49M23. The Pattern of General Circulatory Lability. 


2 


minutes of standard exer- 
cise over the Master steps, the pulse 
pressure widened and_ the _ heart 
speeded up to a degree shown by only 
1/16 of our total unselected subjects. 
The anoxemia test, not otherwise in- 
cluded for discussion today, resulted in 
a fall blood pressure as arterial 
oxygen saturation decreased, which is 
equally unusual", 


Following 


Following the cold stimulus, a rise 
in blood pressure resulting mainly from 
vasoconstriction is generally considered 
the significant finding*"". Subjects such 


as the one in Fig. 1, however, give evi- 
dence that the heart, as well, may ac- 
tively participate in the circulatory re- 
sponse to cold. Cardiac lability is illus- 
trated again in the duplicate positive 
cold pressor tests of another subject, 
whose father was found to have hyper- 
tension at 58 and died of a stroke at 
61 (Fig. 2). Well marked cardiac ac- 
celeration was transiently present. On 
the second occasion, continuous ballis- 
tocardiographic tracings indicated that 
an increase of 37% in cardiac output oc- 
curred while the hand was immersed 
in ice water. 
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Fic. 2.—Subject 50M18. The Pattern of Hyperactivity to Cold with Cardiac Participation 


Two positive cold pressor tests in the same subject. Cardiac output measured on a Starr-type 


ballistocardiograph. 


The phenomenon of hyperreactivity 
to exercise also combines a change in 
blood pressure with acceleration in the 
heart rate. Exercise always produces a 
brief rise in systolic pressure; the dias- 
tolic pressure may rise, fall or remain 
unchanged?". Accordingly, the marked 
increase in pulse pressure found in 
hyperreactive individuals may be due 
to an excessive rise in systolic pressure, 
to an excessive fall in diastolic pres- 
sure, or to a moderate _ reciprocal 
change in both. The subject of Fig. 3, 
whose father at 54 has had asympto- 
matic hypertension for 2 years, showed 
hyperreactivity to exercise by an ex- 
cessive rise in systolic pressure and 
heart rate on each of 2 tests. Cardiac 
output increased 64% immediately after 
exercise over the pre-exercise level. In 
contrast, an extreme example of the 
pattern of hyperreactivity to exercise 
with a fall in diastolic pressure is 
illustrated in the responses of 2 differ- 


ent subjects, each with a parent with 
asymptomatic hypertension (Fig. 4). 
For a brief period, the sounds over the 
brachial artery continued to be audible 
even when the blood pressure cuff was 
entirely deflated. The same phenome- 
non was observed in one of the sub- 
the 
pressor test. So far we have had no 
opportunity to make 
graphic studies on this rare form of 
circulatory lability. We do not know 
whether it that the 
only 2 subjects showing the pattern of 
hyperreactivity to exercise with “O’ 
diastolic pressure, out of 433 who have 
had physiological studies, have ha 
parents with elevated blood pressure? 
We know, however, that around 75‘ 
of the subjects who show hyperrea 
tivity to exercise in some form have 

parental history of hypertension, oft 

combined with coronary artery diseas 


jects during recovery from cold 


ballistocardio 


is a coincidence 
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+100 


+84 


Subject 54M69. 
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carpiac output: 7.0 89 


The Pattern of Hyperreactivity to 


Exercise. 


exercise tests in the same subject. 


RESTING COLD | MIN EXER 3 MIN RESTING COLD | MIN 


L./MIN. 


Two double Master 


EXER. 3 MIN. 


60 


MINUTES 
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1.—Subjects 49M14 and 49M10. The pattern of Transitory “O” 


following Stress. 
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A. 71 Out of 85 Subjects with History 


HERITAGE OF 


DETAILED PARENTAL HISTORY 
HYPERREACTIVIPY 


HYPERTENSION 


OF SUBIECTS SHOWING 
TO EXERCISE 


Vo. of 

Father Mother subjects 
Il + and coronary occlusion Negative 2 
Il +, asymptomatic Negative 2 
Died 84 nephritis H+, stroke | 
Chronic nephritis H+, asymptomatic 
Died 49 H + and nephritis Negative l 
Stroke, heart attack Negative l 
Negative H +, coronary occlusion, d. heart failure 52 l 
Negative H +, stroke, died coronary occlusion 38 | 
Negative H+ asymptomatic l 

B. 3 Out of 100 Subjects with H History 


Both parents negative 


or nephritis in the same or the other 
parent (Table 3). 

Not all subjects with parental hyper- 
tension show circulatory lability (Fig. 
5). Among the subjects whose blood 
pressure and heart rate show little 
response to stress is a pair of identical 
twins, whose mother had hypertension 
at age 57 and a coronary occlusion 
followed by heart failure at 68. The 
resting blood pressures of the twins A 
and B are so much alike that if con- 
necting lines were drawn between the 
2 sets of observations they would ap- 
pear to be consecutive readings on a 
single individual. Actually the twins 
were examined over 2 years apart for 
reasons relating to military service. In 


contrast to the similarity of their pres- 


sures, the heart rate of Twin B was 
consistently higher than that of Twin 
A. Both had negative cold pressor 


tests; no acceleration of the heart oc- 
curred in either twin. Diastolic pres- 
sure did not rise significantly on cold 
stimulation, or fall immediately after 
exercise. The rises in heart rate and 
systolic pressure after exercise in Twin 
A were about average for our subjects, 
while Twin B was hyporeactive to 
exercise. 

What, then, is the incidence of the 
various traits related to circulatory 


lability among subjects with parental 
hypertension, and how does it compare 
with that found among subjects with 
normotensive parents? In Fig. 6 we see 
that the incidence of almost every one 
of the traits in question is definitely 
greater among the offspring of hyper- 
tensive parents. High resting blood 
pressure was the most frequent  find- 
ing, occurring in 31% of the positive 
group, while high resting heart rate 
and a positive cold pressor test each 
occurred in 25%. However, of these 3 
determinants, high resting heart rate 
shows the 
incidence 


most striking contrast in 
between the 
which again points 
toward the importance of the heart ii 
circulatory lability, as does the diffe 
entiation associated with 
tivity to exercise. 


positive and 


negative groups, 


hyperreac 


If a close relationship exists between 
the inheritance of hypertension and 
circulatory lability, how is the presenc« 
of positive traits among the contro! 
group to be explained? First, ther 
seems to be little significance attached 
to the finding of a single positive trait 
in an individual whose circulatory pat 
tern is otherwise stable. When multipl 
traits pointing circulator 
lability are present, however, the odd 
are more than 2 to 1 that such an indi 


toward 


am 
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RESTING LEVELS COLD PRESSOR TEST DOUBLE MASTER TEST 
TWIN: A 8 A 8 A 
106 102 6 4 36 
160 
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> 140 
w / 
@ 120 
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2 100 ff 
8 
| 
60 
w 90 
69 
4 
a 70 
60 e 
68 84 +2 14 7 BEATS/MIN. 
| 
MINUTES 051620 050620 101234 73579 
bic. 5.—Subjects 48M20 (A) and 52M19 (B). The Pattern of Circulatory 


Stability in Identical Twins. 


RELATIONSHIP OF CERTAIN TRAITS TO PARENTAL HYPERTENSION. 


HIGH RESTING BLOOD 31.0% 
PRESSURE 
SUBJECTS WITH: 
HIGH RESTING HEART 25.0 
RATE 
HYPERTENSION 
POSITIVE COLD 25.0 IN ONE OR 
PRESSOR TEST 0.0 BOTH PARENTS 
N* 64 
OVERWEIGHT 
MQ =BOTH PARENTS 
TRANSITORY FREE FROM 
HYPERTENSION HYPERTENSION 
N* 100 
HYPERREACTIVITY TO 
EXERCISE 
TRANSITORY 9.0 
TACHYCARDIA NYE 


QO 5 10 15 20 25 30 
PER CENT 


FIGURE 6 
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THOMAS! THE 
vidual has a parental history of hyper- 
tension. (Table 4). Thus 39.3% of the 
subjects with positive parental history 
show evidence of circulatory 
lability, compared with 16.07 of the 
control group. As time goes on, some 


such 


parents now non-hypertensive may be 
expected to develop hypertension. 
Every year several subjects with mul- 
tiple positive traits do report such a 
change in parental history. More im- 
portant, however, is the possibility that 
the inheritance of hypertension is re- 
cessive, so that hyperreactive individ- 
uals occasionally are born of parents 
with normal blood pressure who both 
carry the hypertensive trait. 


TABLE 4 
TO THE 


HERITAGE OF 


INCIDENCE OF MULTIPLE “POSITIVE PRATPS 
PARENTAL HISTORY OF 


HYPERTENSION 


The less conspicuous differences in 
incidence of hypertension between the 
3 groups of male offspring is an inter- 
esting finding. Complementary — evi- 
dence that the inheritance of hyper- 
tension is more manifest in the female 
line is shown in Fig. 8. Where mothers 


are hypertensive, twice as much hyper- 


tension is present in the maternal 
grandmothers as where mothers are 
normotensive. On the other hand, 


when fathers are hypertensive, twice 


as many paternal grandfathers have 
coronary artery disease as when fathers 


are normotensive. These differences. 


too, are statistically significant. Much 


ACCORDING 
HYPERTENSION 


Subjects with 2 to 6 


posttire traits” 


Vo. of 
Parental history Subjects Vo 
\. Hypertension Present (H 4 
1. Two parents with cardiovascular renal 
disease; one parent severely affected 7 ) 71.0 
2. Two parents with uncomplicated H 4 8 ven 
3. One parent with complicated H+: one 
parent H 0 11 36.6 
t. One parent with uncomplicated H4 
one parent H 14 9 
Total S4 38 39.3 
B. Hypertension Absent (H in Both Parents 100 16 16.0 


We already have some genetic evi- 
dence that hypertension not 
usually follow a simple dominant pat- 
tern® (Fig. 7). Going back to the 
grandparents and parents’ generations. 
the incidence of hypertension among 
the offspring of hypertensive persons 
is far lower than would be anticipated 
in a dominant type of inheritance. 
Hypertension is found among the 
female offspring of two hypertensive 
parents in 22.3%, compared with 
4.4% of the female offspring of two non- 
hypertensive parents. This difference is 
statistically highly significant. 


does 


before 
hyperten 


needs to be done, however, 
genetic interrelationship of 
sion and 
clearly understood. 

Summary and Conclusion. We hav: 
found that circulatory lability is mor 
prevalent among the offspring of hy 
pertensive than of non-hypertensiy 
parents. Where a significant correlatio 
to parental hypertension exists, suc 
lability is usually demonstrable in 
number of different ways. The hea 
as well as the blood pressure frequet 
ly participates in the pattern of labilit 
The percentage of subjects showi 


coronary artery disease is 


* Bernice H. Cohen has given valuable assistance and is collaborating in further anal) 


of the genetic data. 
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GRANDPARENTS’ GENERATION 


PARENTS’ GENERATION 


TYPE OF MATING 


INCIDENCE OF H+ 


H+* H+ 
H+*«H- 
H-*« H— 


Rss 


PER CENT: Oo 5 10 15 20 25 
- FEMALES = MALES 


FIGURE 7 


THE HEREDITARY ROLE OF 
HYPERTENSION (H+) AND CORONARY ARTERY DISEASE (C+). 


GRANDPARENTS’ GENERATION 
PARENTS 
GENERATION || INCIDENCE OF H+ | INCIDENCE OF C+ 
H- MOTHERS 
H- FATHERS 
| 
PER CENT: ||0 10 203040 0 10 20 30 
- FEMALES KS = MALES 


---line indicates the mean value for the incidence among grandparents 


where parents were H—. 


circulatory lability is higher than the 
incidence of hypertension in the par- 
ents generation, suggesting that addi- 
tional factors are necessary for the 
appearance of hypertension. Prelim- 
inary genetic analysis indicates that 
hypertension bears an etiological rela- 
tionship to coronary artery disease, and 


that the same heritage is expressed 
more often as hypertension in females 
and as coronary artery disease in males. 
While in some respects hypertension 
behaves like a single recessive gene 
widely distributed in the population, 
it seems probable that a more complex 
genetic pattern is involved. 


. Armstrong, H. G., and Rafferty, J. A.: Am. Heart J., 39, 454, 1950 
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DuRING an investigation of the cere- 
brovascular response to aminophylline 
administered intravenously, patients 
with hypertensive headaches reported 
that this drug frequently relieved their 
pain. It seemed possible that this was 
the result of altered intracranial hemo- 
dynamics because xanthines decrease 
cerebral blood flow!’ and reduce cere- 
brospinal fluid pressure in normal indi- 
viduals**. To further elucidate 
problem, the effect of aminophylline 
and caffeine on cerebral blood flow 
and oxygen metabolism in patients suf- 
fering from hypertensive headaches 
was studied. In addition, an attempt 
was made to evaluate any relationship 
between these changes and changes in 
cerebrospinal fluid pressure. 

Materials and Methods. Thirteen patients 


who had hypertensive headaches were se- 


lected from the medical wards and the hyper- 
clinic. Care taken to 
patients in whom the headaches definitely 


tensive was select 
seemed to be secondary to the hypertension 
rather than due to some unrelated cause. A 
summary of the pertinent clinical data is 
found in Table 1. All patients had headaches 
which awakened them in the morning. The 
graded from 1 to 4. de- 
pending on the severity and duration of the 
present episode of pain at the time the study 
was performed. Grade 4 headaches were con- 
tinuous for several days and required opiates 
for relief. The pain was most often occipital. 
but was frequently frontal or parietal and 
was often worse on side. In only 1 
patient (M.Y.) had the symptom of recurrent 
headaches antedated the known duration of 
the hypertension. In most cases, the head- 
ache was the major symptom of the disease 
and the reason for seeking medical care on 


headaches were 


one 


the present admission. Three patients had 
chronic glomerular nephritis. Two of these 
had elevations of the BUN to 34 mg. per 
100 cc. and 53 mg. per 100 cc. (J.B., J.D.), 


* This investigation was supported (in part) by a research grant from the National Heart 


Institute, 


of the National Institutes of Health, Public Health Service. 
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but no symptoms of uremia. One patient 
C.J.) had aortic insufficiency due to syphilis. 
Five patients exhibited cardiac failure with 
peripheral and 
circulation 


patients varied from 20 to 


edema signs of pulmonary 


congestion. The times (arm to 
these 
50 seconds. The hemoglobin was not below 
1l in any of the patients. 


The effect of 


on 9 patients 


tongue) in 


studied 
effect of caf- 
The response to both 


aminophvlline was 


Groun 1) and the 
feine on 7 (Group 2). 
drugs was determined in 3 of the patients for 
purposes of comparison. However, each drug 
a different day. The 
subjects were studied in a fasting state and 
Measurements of the 

and blood 
taken during the 


repeatedly during the 


was administered on 


in the sunine position 


pulse rate, respiratory rate pres- 


sure (auscultatory) were 


control period and 


course of each experiment. A control cere- 
bral blood flow study was performed em- 
ploying the nitrous oxide method®. Fifteen 


minutes later 0.5 gm. of aminophylline or 


caffeine-sodium-benzoate in 50 ec. of normal 
intravenously 


second 


was given over a 10 
period A blood 
flow determination was performed 5 minutes 
later. After the blood 


pH_ determinations 


saline 
minute cerebral 


drawn. 
Beck- 
man pH meter using a drop electrode. The 
Van Slyke nomogram!2 
mate pCO,. Cerebral 
CMRO.) and 
(CVR) were calculated as previously de- 
scribed®. The Van Slyke-Neill 


apparatus was used for the gas analysis and 


samnle S were 


were done on a 


was used to esti- 


oxygen consumption 
cerebrovascular resistance 
manometric 


aerosol was used as the hemolytic agent!7. 

The effect of aminophylline and caffeine 
on the cerebrospinal fluid pressure was meas- 
ured at a later date, employing the same 
method — of administration. Pressures 
were measured in the recumbent vosition and 
precautions were taken to avoid jugular com- 
pression, straining, and loss of cerebrospinal 
fluid. The nressures were allowed to stabilize 
before taking the readings and were recorded 
before the administration 
at 5-minute 
after. 


drug 


of the drug and 


intervals for 30 minutes there- 


Results. The effect that aminophyl- 
line and caffeine had on the headaches 
is recorded in Table 1. There was im- 
mediate relief of headaches following 
the administration of aminophylline in 
7 instances. There was equivocal relief 
in 1 (F.D.) and no relief in the ninth 
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(M.Y.). After caffeine, relief of head- 
ache was obtained in 5 out of 7 pa- 
tients. In 1 patient the response was 
equivocal (R.T.), and in another (E.K.) 
The relief of 
headache was more rapid and lasted 
after 
hours to as long as 1 week). It is note- 


no relief was obtained. 


longer aminophylline (several 
worthy that headaches associated with 
papilledema occurrin® in patients with 
renal failure and malignant hyperten- 
sion, obtained relief which was fre- 
quently more complete than after using 
opiates. A summary of the data on the 
fluid 
hemodynamics is found in Table 2. 
Following the administration of am- 
the 
sistance, which was already above nor- 


0.03). The 


was 


spinal pressure and cerebral 


inophylline, cerebrovascular re- 
mal, rose from 3.0 to 4.3 (p 
cerebral blood 
mal during the control study, fell from 
cc./100 
brain/min. to 36 cc./100 gm. brain/min. 
(p <0.01). Onlv 2 of the patients did 
not show a reduction in cerebral blood 
flow, both of whom did not obtain re- 
lief of their headaches. One of these 
developed side reactions consisting of 


flow. which nor- 


an average rate of 53 gm. 


and tremor". 
For the group as a whole, there was 
not a statistically significant change in 
either arterial or venous pCO. or CO. 
content. There was a_ significant in- 
crease in the A-V O. difference from 
7.0 to 9.2 volumes per cent (p <0.01) 
due to both an increase of arterial oxy- 
gen and a decrease in venous oxygen 
content. The oyxgen consumption 
(CMRO.) was not altered significantly 
(3.6 to 3.3 cc/100 gm. brain/min.). The 
blood pH was not affected appreciably 
by aminovhvlline. For example. the 
mean arterial blood pH was 7.46 be- 
fore aminophylline and 7.48 after it. 
The venous blood pH was 7.42 before 
as well as after the drug. 

The cerebral hemodynamic changes 
after caffeine were similar to those 


nervousness. sweating, 


™ 
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after aminophylline, but were less pro- 
nounced and consequently not as 
highly significant statistically. There 
were no significant changes in arterial 
or in venous COs. The cerebral blood 
How fell from 54 to 47. cc./100 
min. (p= 0.12). The cerebrovas- 
cular resistance increased from 2.7 to 
3.3 (p = 0.05). There was an increase 
in A-V QO. from 6.0 to 7.4, which sta- 
tistically not significant. The 
CMRO. did not change (3.2 to 3.5 
c./100 gm./min. ). 

In Group | the average cerebrospinal 
Huid fell from 210 mm. to 
132 mm. water (p — 0.08) following the 
administration of aminophylline. The 


om, 


Was 


pressure 
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141 mm. The jugular venous pressure, 
pulse rate, arterial blood pressure, and 
respiratory rate were unchanged. The 
percentile relationship between the 
more important dynamic changes can 
easily be compared in Fig. 1. 
Discussion. Although the lowering 
of cerebrospinal fluid pressure after 
aminophylline administration was fre- 
quently associated with some reduction 
in jugular venous pressure, the two 
were not closely related (Tables 1 and 
2). The cerebrospinal fluid pressure de- 
creased considerably more than the 
jugular pressure. Futhermore,  caf- 
feine, which has essentially the same 
cerebrovascular action as aminophyl- 


Ceredsr al Cer ebral Spinal lugular Mean 
Blood How tlud pressure Venous pressure Blood pressure 
102 % 
OO 
93% 
$2 
EPS] b3% SES WE] 
| 


Caffeine mean observation, 7 patients; Aminophylline mean observation, 9 patient: 


* Statistically significant. 


Cerebral hemodynamics and cerebrospinal fluid pressure changes after caffeine and 


aminophylline are compared with the control values for these same patients. 


decrease in spinal fluid pressure was 
quite marked in all but 1 patient thus 
studied. The average jugular venous 
pressure declined from 141 to 115 mm. 
of water. The mean blood pressure, 
pulse rate, and respiratory rate did not 
change significantly. After caffeine ad- 
ministration (Group 2), the cerebro- 
spinal fluid pressure fell from 172 to 


line, frequently caused a decrease in 
cerebrospinal fluid pressure’, yet it did 
not appear to effect jugular venous pres- 
sure. The authors feel that the sharp 
decrease in cerebral blood flow is the 
most likely reason for the reduction in 
spinal fluid pressure observed after the 
administration of aminophylline and 
caffeine. This relationship is seen in 


™ 


x 
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Fig. 2. The increased resistance at the 
arteriolar level results in a decrease in 
cerebral blood inflow and tends to de- 
crease the volume of blood in the brain 
and consequently the pressure within 
the post arteriolar (capillary and ven- 
ous) system. This quickly decreases 
cerebrospinal fluid pressure, since the 
intracranial contents are quite flexible 
and the pressures easily transmitted 
between the intracranial blood reser- 
voirs and the cerebrospinal fluid. Gold- 


A> 
9 
T 


Values 


Cerebral Blood Flow 
T 


Cor 


9 


1 l 
*700 80 60 


Fercert of 
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an interesting pharmacodynamic ob- 
servation, can it be said that there is 
any relationship of this phenomenon to 
the relief of headaches obtained after 
aminophylline and caffeine? Certainly, 
during the control studies, there was 
no correlation the 
severity of the headaches and the cere- 
brospinal fluid pressure. In fact, only 
4 out of 10 patients exhibited cerebro- 
spinal fluid pressure above 200 mm. 
water. Furthermore, Shelburne et al." 


observed between 


x- Aminophylline 
e- Caffeine 
of Headache 


40 20 O 


Cerebrospinal Fluid Pressure 
Fercert of Control | atues 
Fic. 2—The percentage decrease of cerebral blood flow after caffeine (@) and aminophyllin: 
(x) is plotted against the decrease in cerebrospinal fluid pressure. There appears to be 


good correlation. 


ensohn et al.* have shown the opposite 
effect can also be demonstrated, for 
when the arterioles are dilated and the 
cerebral blood flow increased by ad- 
ministering the cerebrospinal 
fluid pressure rises sharply, apparently 
due to increase in blood volume 
within the cranium. Under the latter 
circumstances, one can actually ob- 
serve arterial pulsations which are 
transmitted to the cerebrospinal fluid. 

Although the ability of the xanthines 
to reduce the spinal fluid pressure is 


an 


have shown that decreasing the cere 
brospinal fluid pressure by removing 
fluid does not improve the headaches 
Therefore, we must conclude that the 
relief of “hypertensive headaches 
noted in the present study is not the 
result of the decrease in cerebrospina 
fluid pressure alone. As noted below 
it is more likely the direct effect 0! 
aminophylline and caffeine on the cer 
bral vasculature®'® and the relief o 
vascular distention which is 
sible for this beneficial result. 


respol 


| i 
Or 
R 

R 
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\lthough the mechanism of “hyper- 


tensive headaches” has never been 
proven conclusively, it has been gen- 
erally accepted that they cannot be 
closely with the level of 
blood alone™. Wolf'® de- 
scribes 2 types of headache which are 

(1) en- 
and (2) 
headaches due to imbalance between 
iscular tone of the cranial arteries and 
the blood pressure. In the former, head- 


correlated 
pressure 


hypertension: 
headaches, 


secondary to 
cephalopathic 
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scribed migraine’ headaches due 
to involvement of the cranial arteries. 
In the hypertensive headache, it is the 
increased intravascular pressure which 
is primarily responsible for the arterial 
distention, but in the true migraine, 
excessive relaxation of the artery (de- 
creased vascular tone) is primarily re- 
sponsible. Although distention of the 
cranial arteries may be primarily re- 
sponsible for the production of many 
hypertensive headaches (nonencephalo- 


Cerebrovascular 
resistance 
Oxygen 
Blood slow alilizalior 
“700 Gm/min CC/100 6m 
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* Statistically significant change. 


hic. 3—Effects of aminophylline and caffeine on cerebral hemodynamics and oxygen metabo- 
lism in patients with hypertension. These results are compared graphically with normal values. 


iches result from high intracapillary 
ind filtration pressure in the brain, 
vhich produce cerebral edema and 
traction on pain sensitive structures, In 
the latter, the cranial, rather than the 
erebral vessels, are supposedly in- 
olved. As the pressure rises, the ar- 
terial tone is not increased propor- 
tionally, thus producing an increased 
pulsation and stretching of the cranial 
arteries with simulation of pain recep- 
tors. This is essentially the same me- 
chanism of origin that Wolf has de- 


pathic), it is difficult to correlate this 
concept with the relief of the head- 
aches noted in the present study be- 
cause intravenous caffeine’ actually 
increases pulsations of the cranial ves- 
sels. It seems quite likely that disten- 
tion of the cerebral arteries is the 
more important factor. Anatomically 
this is quite possible since Moench* 
has shown that pain arising from the 
cerebral arteries is referred to the 
cranium. The increase in cerebrovascu- 
lar resistance and decrease in cere- 
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bral blood flow after aminophylline and 
caffeine that drugs 
cause arterial constriction. 
This was accompanied by relief of 
the headaches. We might thus con- 
clude that increased tone and de- 
creased distention of the cerebral ar- 


indicates these 


cerebral 


teries rather than of the cranial arteries, 


is the mechanism whereby the relief of 
the headaches was obtained. Veriloid 
administered intravenously produces 
the same symptomatic relief'® by low- 
ering the blood pressure and thus re- 
lieving the cerebrovascular distention. 
This also explains why “hypertensive 
headaches” are aggravated in the su- 
pine position wherein the “effective 
cerebral arterial pressure is increased". 
If these conclusions are correct, it is 
probably true that “hypertensive head- 
aches” from distention of the 
rather than the cranial ar- 
teries, in many instances. In this type 
of headache, there would be no overall 
correlation between the degree of hy- 
pertension and the incidence of head- 
aches in any group of patients. For the 
individual patient, however, — there 
would be a definite relationship be- 
tween the severity of the headache and 
the height of the blood pressure, if the 
vascular tone not altered. The 
greater the disparity between vascular 
tone and the blood pressure, the greater 
the vascular distention would be and 
the more severe and more frequent 
would be the headaches. 

The encephalopathic headache (of 
which there were 4 in the present 
study) may have essentially the same 
origin as the 


arise 


cerebral, 


was 


milder nonencephalo- 
pathic “hypertensive headache,” the 
former merely representing ad- 
vanced phase of the latter. In the early 
phases of encephalopathy, the in- 
creased blood pressure associated with 
high cerebrovascular resistance may 
cause an increased lateral pressure on 
the cerebral arteries resulting in vascu- 
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lar distention and pain*. If the hyper- 
tension becomes severe and progres- 
sive, pressure is, in addition, transmit- 
ted to the post-arteriolar capillary sys- 
tem, which causes an increase of pres- 
sure in this segment. This leads to en- 
cephalopathy because of increased dit- 
fusion of plasma into the tissue, result- 
ing in edema and increased tissue pres- 
sure’. Thus, more pain is produced by 
traction and pressure upon pain sensi- 
tive intracranial structures 
tentorium, or large 
Cerebral blood flow and cerebral me- 


tabolism as reflected in oxygen uptake 


(meninges, 


venous sinuses ). 


are normal; and therefore, are inconse- 
quential in production of the syndrome. 
Aminophylline and caffeine tempor- 
arily relieve the symptoms not by re- 
versing the process but by increasing 
the cerebrovascular tone and cerebro- 
vascular resistance, thus decreasing the 
arterial vascular distention. In addi- 
tion to the effect on arterial distention, 
in the encephalopathic state (cerebral 
edema) the increased cerebrovascular 
resistance produced by aminophylline 
results in less pressure being  trans- 
mitted to the postarteriolar capillaries 
Thus, there is a decrease in capillary 
blood pressure and consequently a de- 
crease in diffusion pressure. This re- 
sults in emigration of fluid from the 
tissue back into the capillaries. Pres 
sure or traction on pain sensitive in 
tracranial structures is relieved, re 
sulting in more relief of the headache 
Caffeine and aminophylline had op 
posite effects on the systemic blood 
pressure and jugular venous pressure 
so that it seems unlikely that either o! 
these factors influenced the relief o! 
the headaches. 

In evaluating this therapeutic re 
sponse to aminophylline and caffein: 
it is essential that the headaches re 
sulting from the high blood pressur 
be differentiated from the numerou 
nondescript types of headache that o 
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cur in patients with hypertension. The 
latter types, which occur more fre- 
usually antedate the hyper- 
the authors’ exper- 
ience, are not effectively or consistently 
relieved with the xanthines. The obser- 
vations in the present study have been 
limited to true “hypertensive head- 
aches” which, as determined from the 
history, seemed to result definitely from 
the “high blood pressure.” 

Summary. 1. Aminonhvlline and caf- 
feine cause prompt relief of headaches 
which result from the hypertensive 
state. Aminophvlline is the more effec- 
tive agent in this respect. The pres- 
ence of kidney disease or heart  fail- 
ure does not alter this response. The 
data suggest that caffeine and amino- 


quently"®, 


tension, and, in 
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phylline decrease the arterial and post- 
arteriolar vascular distention of the 
cerebral vessels and thus relieve the 
headache. If relief is to be anticipated, 
it is necessary to determine that the 
headache is due to the hypertension 
and not to some unrelated cause. 

2. Both aminophylline and caffeine 
cause an increase in cerebrovascular 
resistance with a decrease in cerebral 
blood flow. This is followed by a fall in 
spinal fluid pressure. Therefore, amino- 
phylline is an effective agent for acute- 
ly reducing cerebrospinal fluid pres- 
cure in patients with hypertension. 
The fall in cerebrospinal fluid pressure 
is secondary to a decrease in cerebral 
blood flow. 
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STIGMONENE BROMIDE IN THE DIAGNOSIS OF EARLY PREGNANCY 


AND THE TREATMENT OF SIMPLE DELAYED MENSTRUATION 


By Epwarp N. Booxrayian, M.D., F.A.C.S. 
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Truter, M.D. 
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For a long time it has been known 
that women subject to mental, emo- 
tional or physical stress may exper- 
v delay in 
It has also been shown that 
this tvpe of amenorrhea can be re- 
lieved promptly by the administration 
of parasvmpathomimetic — drugs!!. 
Much of the mechanism underlving 
this peculiar tvpe of amenorrhea as 
well as the mechanism of its relief by 


lence temporary menstrua- 


tion!=:!5 


cholinergic compounds remains unex- 
plained, although the evidence seems 
to indicate that the autonomic nervous 
system is involved. The relationship of 
stress to the parasympathetic nervous 
system is well known, but the connec- 
tion between this system and menstrual 
bleeding is not clearly understood. 
Uterine hyperemia is an 
part of the phenomenon in 
women!'!. Kaiser® has shown that the 
administration of estrogen to experi- 


integral 
estrus 


mental animals results in pronounced 
hyperemia of the endometrium. It also 
results in an increase in the interstitial 
acetvicholine content of the uterus’. 
It seems reasonable to assume that this 
hyperemia is secondary either to the 
vasodilating action of acetylcholine 
or conceivably to a relative diminu- 
tion of the 
level®. Since administration of 
atropine temporarily inhibits this hy- 
peremic response to estrogen, many ob- 
servers have felt that it was mediated 
through the parasympathetic nervous 
system*. This thesis is particularly at- 
( 386 ) 


serum cholinesterase 
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tractive in view of the known presence 
the 
However, it should be noted that this 
same hyperemia occurs in ocular trans- 


of cholinergic fibers in uterus! 


plants of endometrial tissue which are 
devoid of nervous elements®. 

Soskin, Wachtel and Hechter! were 
that 
produced cer- 
delaved 
tion by the administration of a para 


the first to demonstrate clinically 
bleeding could be 
tain instances of menstrua- 
sympathomimetic compound to poten 
tiate the vasodilating effect of acety] 
choline through inactivation of the en 
zyme _ cholinesterase. They were also 
first to conceive of this reaction as 
diagnostic test for pregnancy and te 
show that such treatment did not inte: 
fere with or disturb an existing gesta 
tion. Their work has since been amp! 
corroborated. 

The 


non-pregnant women and the absen 


prompt onset of bleeding ii 
of this response in pregnancy with th 
use of cholinergics constitute an ec 
nomical, highly accurate test for pre: 
nanev_ that offic 
procedure. As a therapeutic measui 
in simple delayed menstruation it 


Can be done as an 


ideal, since manv women, even thou: 
informed that their biological test f 
pregnancy is negative, will not 
psvchologicallv at ease until menstr 
ation is reestablished. 

In view of these considerations t 
present study was undertaken for t 
purpose of evaluating the efficacy o! 
new cholinergic preparation, Stig: 


iy 


EARLY PREGNANCY AND SIMPLE 
nene Bromide®, as a treatment for 
simple delayed menstruation and a 


diagnostic measure for early preg- 
nancy. 
Stigmorene Bromide [1-Benzyl-3- 
Dimethvlcarbamyloxy)-P yridinium 
Bromide] is a synthetic alkaloid-like 
salt of the quaternary pvridinium series. 
Pharmacological investigations demon- 
trated that Stigmonene acts as an in- 
hibitor of the enzyme cholinesterase® 
and is less toxic than compounds of the 
group. Clinically. in 
both prophylactic and theraneutic use 


phvsostigmine 


it was not attended bv side eects 
Clinical Material and Procedure. From 
mong patients who presented themselves at 
the Gynecology Clinic of the Jersey City 


Medical Center, a total of 116 women com- 
plaining of delayed 
lected for this study. Early our work it 
that certain requirements 
stressed by previous writers had to be met 
if reliable results were to be obtained. These 


menstruation were se- 
in 
hecame apparent 


requirements are: 1) no menstrual irregu- 
larity prior to the present complaint; 2) no 
evidence of the menopause; 3) no organic 
pelvic disease; 4) no causative endocrine or 


constitutional disturbance. 

Of the original 116 patients. 100 met the 
iforementioned requirements. The remaining 
16 patients in addition to their original com- 
plaint showed evidence of either organic pel- 
ic disease, endocrine dysfunction, or the 
menopause. However, they have been  in- 
luded in this report to emphasize the im- 
ortance of observing the limitations of the 

st 

Each patient’s diagnosis was based on a 

irefully taken history, physical examination 

d pelvic examination. All women were 
the Aschheim-Zondek test (Friedman 

\dification) for pregnancy. Each patient re- 

ived an intramuscular injection of 1 ce. 

a 1:1000 solution (1 mg.) of Stigmonene 

romide on each of 3 successive days. If the 

enstrual flow was reestablished with the 
rst iniection, further treatment 
vas discontinued. On the other hand, a pa- 
ent was presumed to be gravid if no bleed- 
ig ensued after the third injection. All par- 
cipants were informed of the possible ef- 
‘ects the treatment might produce and were 


ven 
second 


or 


* Stigmonene Bromide was supplied through 


DELAYED MENSTRUATION 


instructed to report the start of the men- 
strual flow or any symptoms of drug re- 
action. 

Results. In a group of 100 patients 
who met the requirements for the 
test and who received 1 mg. of Stig- 
monene intramuscularly in 1 cc. doses 
on each of 3 successive days, the drug 
did not evoke the menstrual flow after 
the third and last injection in 83 in- 
stances (Table 1). These women were 
therefore considered to be gravid. The 
average number of days overdue in 
this group was 28.3. The diagnosis of 
pregnancy was established clinically 
in each of these cases. In all but one 
instance pregnancy was confirmed by 
the Aschheim-Zondek test (Friedman 
modification). This patient, whose 
clinical pregnancy was established be- 
vond doubt by the presence of fetal 
heart sounds, had a biological test for 
pregnancy that was performed 43 davs 
after her last menses and was reported 
as negative. 
in 4 instances to 
repeat the Aschheim-Zondek test in 
order to reconcile the results with 
those obtained by the single course of 
3 Stigmonene injections and the clinical 
evidence of pregnancy, although these 
women were overdue from 3 to 8 
weeks. The  Stigmonene-diagnosed 
pregnancies proved to be 100% accu- 
rate in the group of 83 nvatients who 
met the requirements of the test. 

Of considerable importance was the 
lack of deleterious effect on the ges- 
tation by the administration of Stigmo- 
nene. One patient in this group had an 
admitted self-induced abortion and 1 
had a spontaneous abortion 21 davs 
after receiving the last injection. In 
the latter case it was felt that in view 
of the time interval between the in- 
jections and the spontaneous emptving 
of the uterus, no causal relationship 
could be established. 


It was necessary 


the courtesy of William R. Warner, Division 


Warner Hudnut, Inc., New York, Los Angeles, St. Louis. 


Oss 


Ot 


series, 


the 
16 who were amenorrheic for 
an average of 20.1 days, were consid- 
ered not pregnant clinically. These had 
negative Aschheim-Zondek tests and 
bled in from 2 to 120 hours following 
the last injection (Table 1). The ma- 
jority (88.2%) menstruated within 96 
hours. The remaining patient in this 
group was first seen when her menses 
were 13 days overdue. Pelvic examina- 
tion revealed a third degree retrover- 
sion of the uterus. It was also slightly 
enlarged and boggy. Three injections 
of Stigmonene were given. Ten days 


17 remaining cases in the 


TABLE 1 
RHEIC 
COMPLAINT 


BOOKRAJILTAN, 


CLINICAL DATA AND RESULTS OF STIGMONENE TEST IN 
PATIENTS WITH NORMAL GYNECOLOGIC HISTORY 


TRUTER: 


ciently large to make any statistical 
conclusions as to the length of time 
required to establish menses or the 
relationship of this interval to the 
duration of the previous amenorrhea. 
A greater number of this 
group would undoubtedly present 
more well defined picture of the ef- 
ficacy of Stigmonene in the treatment 
of simple delayed menstruation. 

The results in the group of 16 pa- 
tients who did not meet the previously 
mentioned requirements for the Stig- 
monene test, that is, the patients with 
irregular menstrual history, endocrine 


cases in 


a 


100 AMENOR 
PRIOR TO PRESENT 


{schherm-Zondel 


Vumber tye {reraqe Clinical Stigmonene — Stigmonence Test 
of Range Days Confirmed — Diagnosed Elicited 
(Cases years Overdut Pre Pre qnancy Flou positire negating 
Pregnant 83 13-41 28.3 83 83 0 R2 1 
Non-pregnant 17 21-43 20.1 0 0 16 * 7 


in from 2 to 
120 hours af 
ter last injec 
tion) 


* One case presented different Aschheim-Zondek interpretations in a 12-day interval 


Aschheim-Zondek test was re- 
ported as negative but no bleeding had 
An Aschheim-Zondek test 
repeated 12 days later was reported as 
positive and the following day bleed- 
ing began and continued for 3 days. 
Subsequent pelvic examination 
normal except for a persistent third- 
degree retroversion of the uterus. 
Whether the patient was originally 
pregnant and the biological test in er- 
ror or whether she became pregnant 
later and the Stigmonene test was in 
error we are unable to state definitely. 
But we considered her as non-pregnant 
and the Stigmonene test in this in- 
stance a failure. Nevertheless, the ef- 
ficacy of Stigmonene as a therapeutic 
measure in this series of 17 cases 
reached 94.1%. 

The number of cases in this group 
of non-pregnant women is not suffi- 


later an 


occurred. 


was 


dysfunction and other chronic diseases 
are presented in Table 2. 

Eight of these women were found t 
be pregnant by clinical standards an 
by test. Six of 
showed a “positive” (failed to blee: 


biological these 
Stigmonene reaction, while 2 bled fo 
lowing the last injection in 24 and 7 
hours respectively. One of these 
proved to have an unruptured tuba! 
pregnancy that was later removed 
laparotomy and 1 bled moderately wit 
cramps at the of her 
missed period. This patient was treat 
as a threatened abortion and succe 
fully carried her pregnancy to term 
Of the 90 women with intrauteri 
pregnancies who received the Stien 
nene test, 1 had a self-induced ab: 
tion, 1 a spontaneous abortion, and 
showed symptoms of a_ threatet 
abortion. It is felt the incidence 


time secol 


| 


EARLY PREGNANCY 
abortion in this group is comparable to 
that which would be encountered in 
any equal group of pregnant women. 

In the non-pregnant group of 8 
women in the series of 16 patients who 
did not meet the requirements for the 
Stigmonene test, 5 nevertheless showed 
reaction, while 3 indi- 
viduals failed to bleed after the third 


a negative 


rABLE 2 


AND SIMPLE 


DELAYED MENSTRUATION 389 
rationale of the employment of cholin- 
ergics in the treatment of simple de- 
layed menstruation and in the diag- 
nosis of early pregnancy is discussed. 

2. The requirements for the appli- 
cability of cholinergics in these  cir- 
cumstances are listed. 

3. Data on the use of Stigmonene 
Bromide, a new cholinergic, in 116 pa- 


CLINICAL DATA AND RESULTS OF STIGMONENE TEST IN 16 AMENOR- 


RHEIC PATIENTS WITH IRREGULAR MENSTRUAL HISTORY, ENDOCRINE DYs- 
FUNCTION AND OTHER ORGANIC DISEASES 


Aschheim-Zondek 


Number Age Arerage Clinical Occurrence Absence Test 
of Range Days Confirmed of of os 
(‘ases (years) Overdue Pregnancy Bleeding Bleeding positive negative 
Pregnant 8 16-39 27.5 s 2 6 s 0 
Non-pregnant 20-86 23.1 0 5 3 8 


injection. Of these, 2 had menstruated 
irregularly for some time and were 
treated with cyclic therapy, while the 
third patient was admitted to the hos- 
pital with a diagnosis of tubo-ovarian 
abcess. 

These 16 cases serve to illustrate the 
fact that the requirements of the test 
must be met if accurate results are to 
be obtained. 

In no instance was sensitivity to the 
drug observed nor were any untoward 
reactions noted. 

Summary and Conclusions. 1. 


The 


(in from 6 to 
120 hours af- 
ter last injec- 
tion) 


tients with amenorrhea due to preg- 
nancy or other causes is presented. 

4. The Stigmonene Bromide test for 
early pregnancy proved to be both 
highly accurate and harmless to gesta- 
tion. 

5. Preliminary investigation of the 
use of Stigmonene Bromide in the 
treatment of simple delayed menstrua- 
tion indicates that the drug is effective 
if certain discussed limitations are ob- 
served. 

6. No instance of drug reaction or 
sensitivity was encountered. 
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TREATMENT OF RHEUMATIC FEVER WITH ACTH 
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Since the original observations of 
Hench, Slocumb, Barnes, Smith, Polley 
Kendall* on the effectiveness of 
adrenocorticotropic hormone (ACTH) 
in the acute phase of rheumatic fever, 
other writers have reported findings in 
corroboration of 
Hench, as well as Wilson and Helper", 
McEwen el al.°, Massell et al.* and 
Thorn et al.!® reported on a group of 
selected the results of which 
were comparable. They found that 
fever, arthritis and skin lesions disap- 
peared promptly and that signs of 
carditis disappeared at an accelerated 
rate. This paper is the first of several to 
dwell upon the value of ACTH in cases 
ot rheumatic fever of various degrees 
of severity and chronicity. Specifically 
this paper will dwell upon the use of 
small doses of ACTH in a carefully se- 
lected group of patients with a less 
severe type of the disease. This first 
study, begun in October 1949, was de- 
liberately designed to use small doses 
mainly because of the natural conser- 
vatism that is associated with the ad- 
vent of any new drug, especially a drug 
whose action is not entirely known. 


and 


effectiveness. 


cases, 
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University ot Southern 
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Another motive which prompted the 
use of smaller doses was the prevailing 
rationale that smaller 
ACTH might encourage the adrenal 
cortex to accomplish some intrinsic hy 
pertrophy. This theory, however, was 
unfounded and of course impossible to 
substantiate. The choice of patients in 
this initial study was deliberately aimed 
at avoiding any of the so-called com 
plicated or severe cases. Chronic rheu 
matic and_ those 
heart failure were avoided. A 
quent report will deal with a larg 
group of rheumatic fever patients a 
cepted for therapy without selectivit 
insofar as severity or chronicity is co! { 
cerned. 


increments of 


fever in congestiv: 


subse 


Methods and Materials. Twelve cases ws 
therefore selected for treatment with ACT! 
they exhibited unequivocally t! 
criteria for the diagnosis of rheumatic fe 
The patients for this study were chosen 
the basis that they presented at least two 
the major plus two of the minor criteria. 1 
major criteria established for this study w« 

4 in number, namely, carditis, polyarthri 
subcutaneous nodules and erythema margi 
tum. The manifestations of the minor crite 
upon which selection was made were fe 
elevated sedimentation rate, history of rl 


because 


* Research Fellow—United States Public Health Service. 
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matic fever, serological evidence of preced- 
ing streptococcal infection and prolongation 
of the P-R interval. None of the cases had 
chorea. Thirteen other omitted 
from this study because they failed to meet 
the strict criteria for 
Of the 12 cases accepted for this study 6 pa- 
were in the first week of the acute 
phase of their illness and 6 were in the 
fourth to eighth week of their illness. The 
latte treated poor re- 
ponse to salicylates and they were included 
n this study because their response to ACTH 
lid not differ appreciably from that of the 
Ten of the 12 patients were 
under 20 years of age. Eight were males and 
{ females. In 6 of the cases this was the pri- 
attack, in 5 the second attack and in 
the third attack. 

The adrenocorticotropic hormone® used in 
this study was well controlled and assayed 
fter the method of Sayers et al.1°. The 
dosage of adrenocorticotropic hormone was 
decided arbitrarily as 0.4 mg. per Kg. of 
hody weight per day. This dose was divided 
into 4 equal portions and administered intra- 
muscularly every 6 hours. The dosage aver- 
iged 5 mg. every 6 hours for the children and 
6 mg. every 6 hours for the adults. 

lreatment was withdrawn abruptly in 10 
of the patients when the sedimentation rate 
had declined to 30 1 hour. In the 
remaining 2 cases it was withdrawn slowly. 
White blood counts and eosinophil counts 
were done at daily intervals during the first 
week and three times a week subsequently. 
For the latter study the method of Randolph? 
was employed. Sedimentation rates were done 
with Westergren tubes and read at 1 hour. 
Blood was drawn for the eosinophil count, 
sedimentation rate and white blood cell count 
6 to 12 hours after the last dose of ACTH. 
Electrocardiograms were done daily on those 
vatients who showed abnormal. tracings and 
t appropriate intervals on all others. After 
clease the patients were observed bimonthly 
nd later monthly in the cardiac clinic. The 
luration of therapy varied from 4 to 32 days 

ith a mean of 20.5 days. Ten of the 12 

itients were treated between 18 and 22 


lays. 


cases were 


unusually diagnosis. 


tients 


were because of a 


other group 


l 


mm. in 


Results. The response to the ACTH 
f the major criteria is shown in 
lable 1. Signs and symptoms of car- 
ditis were present in 8 cases. Gallop 
rhythm, which was present in 3 cases, 


RHEUMATIC 


FEVER WITH ACTH 
TABLE 1. 


Time of 


No. of Disappearance 
Major Criteria Patients of Signs 
Carditis 8 7-28 days 
Arthritis 10 1 day (9) 
2 days (1) 
Skin Lesions 3 1-7 days 


disappeared in 7 days. One case with 
cardiac enlargement by 
showed a diminution of the size of the 
cardiac silhouette in 4 weeks. Apical 


fluoroscopy 


systolic murmurs in 3 patients dimin- 
ished or disappeared during hospital 
observation. Old valvular disease was 
present in 4 cases. In 1 patient, a loud 
aortic diastolic murmur disappeared on 
the twenty-fifth day of observation. 

Arthritis was present in 10 patients 
and disappeared dramatically in 9 pa- 
tients within 24 hours. The remaining 
case responded to an increased dosage 
in 48 hours. 

Skin were present in 3 
cases. One case with erythema mar- 
ginatum exhibited a clear skin in 12 
hours and during the first 2 weeks of 
therapy the lesion could be caused to 
reappear if one of the 12 hour doses 
was omitted. One patient had subcut- 


lesions 


aneous nodules which were dimin- 
ished in size within 72 hours and 


could not be found after 1 week of 
therapy. The skin of 1 patient with 
erythema nodosum cleared remarkably 
in 24 hours and completely in 72 hours. 

Table 2 illustrates the response of 
the manifestations of the minor criteria 
to the ACTH therapy. Fever which 
was present in 9 of the 12 cases was 
reduced to normal within 24 hours in 8 
of the 9 cases. The remaining case re- 
quired a 50% larger dosage of ACTH 
and his fever disappeared 12 hours 
after the dosage was increased. 


* The ACTH in this study was supplied by the United Laboratories in Pasadena, California. 


| 
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TABLE 2. 
Time of 
Disappearance 
of Signs 


Vo. of 


Minor Criteria Patients 


Fever 9 24 hrs. (8 
$8 hrs. (1 
Tachycardia 12 $8 hrs. (4) 


2-4 wks. (8) 


Elev. Sed. Rates 12 10 days (3) 
wks. (9 

Leukocytosis 10 At End of 
Therapy 

ECG Abnor- 6 +-10 days 


malities 


Tachycardia was present in 12 cases 
48 to 72 hours in 
4 cases and from 2 to 5 weeks in 8 
cases. 

Initial sedimentation rates ranged 
from 60 to 103 mm. in 1 hour. They 
dropped slowly to normal over a 3 
week period in 9 cases. In 3 patients 
the sedimentation rate dropped to 9 
to 16 within 10 days. 


and persisted from 


DAYS 5 10 


GRIFFITH, 


MORRISON, STARR: 


above 


The leukocyte count was 
10,000 per c.mm. in 10 cases. In 6 of 
these patients it fell below 10,000 dur- 
ing the first week of therapy, and rose 
12,000 and 20,000 
blood cells per c.mm. during the re- 
maining period of treatment with 
ACTH. In 2 cases, serial counts were 
inadequate. In the remaining 4, the 
leukocytes were below 10,000 through- 
out therapy. In all cases, the white 
blood cell count was below 10,000 after 
ACTH During 
therapy, the eosinophil count dropped 
or remained low during the first week 
and rose secondarily. There were 2 


to between white 


was discontinued. 


distinct exceptions to suppression of 
the eosinophils during therapy. They 
were the 2 cases illustrated by Fig. 2. 
In this instance the eosinophil count 
rose before the cessation of therapy. 
Fig. 1 is a 
the 


representative case of 


uncomplicated group. It demon 
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Response of acute rheumatic fever to ACTH 
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strates the tendency noted in the ma- 
jority of cases for the leukocyte count 
to remain sustained throughout therapy 
and its noticeable decline on the with- 
drawal of ACTH. The phenomenon 
was a consistent finding. Also  illus- 
trated in this particular case is the 
gradual rise noted in the eosinophil 
counts and the sustained higher levels 
of these counts even after discontinu- 
ance of ACTH. 

Table 3 represents the initial eosin- 
ophil and leukocyte counts taken in all 
the patients proposed for therapy with 
ACTH. These patients were divided 
roughly into the 3 categories noted in 


TABLE 3 
WITH 
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roughly in between the two aforemen- 
tioned groups. 

The electrocardiogram was abnormal 
in 6 cases. Abnormalities varied from 
prolonged P-R interval to third degree 
heart block. There were no abrupt 
changes in the electrocardiogram 
which could be specifically attributed 
to ACTH. All the abnormalities re- 
verted to normal within 1 to 2 weeks. 

Toxic Symptoms. One 8-year old girl 
receiving 20 mg. of ACTH daily de- 
veloped hyperkeratosis pilaris. No 
other untoward symptoms were noted, 
such as weight gain, moon-face, acne 
or hirsutism. 


INITIAL COUNTS TAKEN ON CANDIDATES PROPOSED FOR THERAPY 
ACTH LISTED ACCORDING TO THEIR ¢ 


‘LINICAL STATE 


Patients Afebrile but Haring 


Patients Acutely Ill 
and Fy brile 


Rosin. emm WBC comm Eosin. emm 
255 11,300 274 
33 10,700 22 
0 14,200 55 
0 12,150 100 
0 14,600 300 
33 11,250 22 
33 27,800 
1] 22,600 
148 13,700 


Table 3, namely, those acutely ill and 
febrile, those afebrile but having ob- 
jective signs of rheumatic activity such 
is increased sedimentation rate and 
prolongation of the P-R interval, and 
istly those with elevated sedimenta- 
tion rate only. It is notable that for 
he most part those cases with the 
naller initial eosinophil counts had 
highest leukocyte counts. This 
roup fell almost uniformly under the 
ategory of those patients acutely ill 
ud febrile. Conversely those patients 
vho exhibited only elevated sedimen- 
‘ation rates showed higher eosinophil 
counts initially as well as lower leuko- 
cyte counts. The third group fell 


Objective Signs of Rheumatic 
Activity 


Patients with Elevated 
Sed. Rate Only 
WBC WBC comm 


Eosin. cmm 


7.950 187 6.950 
11,300 198 10,600 
7,200 198 9,000 
10,250 166 9,400 
7,450 198 6,100 
8.750 61 5,500 
272 9,150 
161 7.150 
205 11,200 
233 6,150 


Revapse. No true relapses have oc- 
curred in any of our cases after therapy 
was stopped. In 3 patients after therapy 
was discontinued, the sedimentation 
rate climbed rapidly, reaching previous 
levels in 4 to 7 days. Joint pains and 
tachycardia recurred in 2 of these pa- 
tients. Treatment was reinstituted at 
the previous dosage after which the 
sedimentation rate and all signs re- 
turned to normal in 9 to 10 days. 

Figure 2 represents the phenomenon 
just described. This is a case of a 13- 
year old female with previous rheu- 
matic heart disease, and considered the 
most severe of the group. It will be 
noted that her response to the initial 


\ 
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dosage of ACTH was properly drama- 
tic. On withdrawal of the ACTH with 
the the sedimentation rate 
to normal a so-called “rebound” phe- 
nomenon was noted with a rise of the 
sedimentation rate return of 
symptoms. Reinstitution of ACTH 
therapy promptly resulted in a loss of 
symptoms and a return of the sedi- 
mentation rate to normal within 10 
days. It is notable that the 2 patients 
exhibiting this rebound phenomenon 
were clinically considered to be rela- 


return of 


tively severe cases of active rheumatic 
fever. 


GRIFFITH, 
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Discussion. Since the pathologic 
physiology of rheumatic fever is. still 
obscure, the rationale supporting the 
use of ACTH remains empirical. The 
eosinophil response has been reputed 
to be the most sensitive known gauge 
of the release of cortical steroids*. This 
was the only primary physiological ef- 
fect of cortical hormones which could 
be followed in this study. Repeated 
eosinophil counts gave adequate proof 
that even small doses of ACTH were 
effective cortical 
sponse. However, such small doses were 


in releasing a re- 


used on a selected group of cases which 
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102 TEMP. (RECTAL) 


SED. 


ASYMPTOMATIC 


RATE (WESTERGRER) 


ASYMPTOMATIC 


RETURN OF 
SYMPTOMS 


£0 


LEUCOCYTES 


Procress. All of these patients have 
been observed over periods varying 
from 14 to 22 months. To date, all pa- 
tients without exception are in the 
quiescent phase of rheumatic fever and 
have no evidence of newly acquired 
valvular disease or aggravation of pre- 
existing valvular disease. 


were admittedly acute and “less severe 
Also care was taken to avoid inclusio 
of such cases that might show eviden« 
of congestive heart failure, because « 
the difficulties surrounding the contr 
of such patients in a large institutio 
The effectiveness of small doses 

ACTH, while established, is admitted 
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inadequate for treatment of cases 
classified as “moder- 
ately severe’ or “severe.” The case in- 
dicated by Figure 2 attests to the in- 
adequacy of smaller doses of ACTH 


and of brevity of treatment in a mod- 


which might be 


erately severe case of rheumatic fever. 

There is no existing explanation for 
the effectiveness of ACTH in rheumatic 
fever. Certain theories have been set 
forth to support its use, all of which 
ire still unfounded at the present writ- 
These theories state that ACTH 
(a) by interference with the re- 
the anaphylactogenic 
stance of the faulty antigen-antibody 
(b) by an alteration in 
tissue permeability through inhibiting 
the action of hyaluronidase®"!, or (c) 
by inhibition of the development of 
granulation tissue by suppression of 
the fibroblastic reaction in the mesen- 
chymal tissue’, or (d) by the produc- 
tion of hypercorticism®, or (e) by a 
blocking action similar to that seen 
in the Schwartzman phenomenon". 
The eosinophil count described at the 
initial phase of the disease would seem 
to indicate a proper cortical response in 
the patients. Ostensibly this response 
may have been quantitatively or quali- 
tatively inadequate and the added 
exogenous supply of ACTH may have 
produced the necessary hypercorticism. 
lhe response to ACTH in the 1 case 
i: Figure 2 showing eosinophil rise be- 
fore cessation of therapy very likely 
indicated inadequate therapy. This was 
urther verified by a return of signs and 
vmptoms in this instance. 

The primary aim in the treatment of 
rheumatic fever is the prevention of 
rippling heart disease. There is no 
indication at the present writing that 
\CTH can accomplish this particular 


mide. 
acts: 
le ase ot sub- 


reaction!, or 
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aim. Much longer periods of observa- 
tion and a much larger number of pa- 
tients will be necessary before any 
such conclusion can be reached. 

Summary. 1. ACTH is an effective 
agent in the treatment of the acute 
stage of rheumatic fever. Small doses 
were found to be effective in those 
cases which may be classified clinically 
as acute and “mild.” Under therapy 
the signs and symptoms were noted to 
disappear at an accelerated rate. Fever, 
arthritis and skin lesions disappeared 
rapidly and completely. Some of the 
signs of carditis cleared rapidly while 
tachycardia persisted from 2 to 4 
weeks. 

2. The white blood cell count rose 
during treatment and declined abruptly 
at cessation of therapy. The eosinophil 
count tended to be low before therapy, 
remained low during therapy and re- 


turned to normal levels following 
therapy. The 2 cases inadequately 


treated showed return of eosinophil 
levels to normal before cessation of 
therapy. 

3. Small doses of ACTH as well as 
short duration of treatment were found 
to be inadequate for the treatment of 
moderately active rheumatic 
fever. 

4. ACTH appears to lessen the in- 
flammatory reactions and suppress the 
signs and symptoms of disease. While 
it cannot be said to cure the disease, it 
definitely does shorten the course of it. 
It is likely also that its suppressive ac- 
tion is at work while the disease runs 
its natural course. 

5. While it is hoped that ACTH may 
be effective in the prevention of crip- 
pling heart disease, no such conclu- 
sions can be drawn at the present time. 


severe 


l. 
1950. 


9. 
1950. 


10 


Ll. 
1949. 
12. 
1950. 


13. 


TREATMENT OF RHEUMATIC FEVER WITH ACTH 


REFERENCES 


Dougherty, T. F.: Symposium on the Adrenal Cortex. Publication Am. Assn. Ady 
2. Forsham, P. H., Thorn, G. W., Prunty, F. T. G., and Hills, A. G.: J. Clin. Endocrinol. 
5, 1948. 

_ Hench, P. S., Slocumb, C. H., Barnes, A. R., Smith, H. L., Polley, H. F., and Kendall, 


.: Proc. Staff Meet. Mayo Clinic., 24, 277, 1949. 


Massell, B. F., Warren, J. E., Sturgis, G. P., Hall, B., and Craig, E.: New England J 


, 242, 641 and 692, 1950. 


McEwen, G., Bunim, J. J., Baldwin, J. $., Kuttner, A. G., Appel, S. B., and Kaltman, 


: Bull. New York Acad. Med., 26, 212, 1950. 
3. Opsahl, J. C.: Yale J. Biol. & Med., 22, 115, 1949. 
. Randolph, T. G.: J. Lab. & Clin. Med., 34, 1696, 1949. 


Regan, C., Grokoest, A. W., and Boots, R. H.: Am. J. Med., 7, 741, 1949 
Sayers, G.: Progress in Endocrinology, S. Soskin, Editor, New York: Grune and Stratton 


Sayers, M. A., Sayers, G., and Woodbury, L. A.: Endocrinology, 42, 379, 1948 
Seifter, J., Baeder, D. H., and Begany, A. J.: Proc. Soc. Exper. Biol. & Med., 72, 277 


Soffer, L. J., Schwartzman, G., Schneierson, S. S., and Gabrilove, J. L.: Science, 3, 303 


Thorn, G. W., Bayles, T. B., Massell, B. F., Forsham, P. H., Richardson, H., Jr., Smith, 


S., III, and Warren, J. E.: New England J. Med., 241, 529, 1949. 


14. 


Wilson, M. G., and Helper, H. N.: J. Am. Med. Assn., 145, 3, 1951 


|| 
8, | 
Med 


TREATMENT OF RHEUMATIC FEVER WITH ACTH 
Il. ACTH BY THE CONTINUOUS INTRAVENOUS DRIP METHOD 


By Greorce C. M.D. 
PROFESSOR OF MEDICINE 


Jack A. Suemnxopr, M.D. 
ASSISTANT CLINICAL PROFESSOR OF MEDICINE 


J. Douctas McNair, M.D.° 


RESEARCH FELLOW, DEPARTMENT OF MEDICINE (CARDIOLOGY) 


Srarr, M.D. 


PROFESSOR OF 


MEDICINE 


From the Department of Medicine (Cardiology), School of Medicine, University of Southern 
California and the Los Angeles County Hospital, Los Angeles, California) 


10 


In the initial report by this group'’, 
reference was made to the intermit- 
tent intramuscular injection of ACTH 
in cases of rheumatic fever. 
While the responses noted were in 
keeping with the gratifving results re- 
ported by Ger. 
tain facts must be elucidated to ex- 
plain subsequent reports which may 
not altogether be consistent with the 
previous one in terms of dosage and 
results. 

This work had its origin in late 1949 
at which time caution was certainly 
the keynote in the use of this hither- 
to untried drug. Conservatism was 
doubly indicated in this drug to which 
was attributed many deleterious side 
effects and complications, most of which 
were exaggerated. In this earlier re- 
port, then, the caution was exercised 
in the form of: (a) deliberate omis- 
sion of cases other than the acute form 
of rheumatic fever, and the avoidance 
of any cases complicated with heart 
failure or very severe carditis, and 

b) the use of extremely small doses 
of ACTH. This type of investigative 
method could only give a narrow ex- 
pression of the values of ACTH in one 
of the “types” of rheumatic fever. In 


acute 


retrospect, the success of the treatment 
with smaller doses of ACTH by intra- 
muscular injection must be related to 
the choice of cases for one individual 
study. 

This paper, in contrast, is a prelimi- 
nary expression of the results noted by 
ACTH therapy in 37 consecutive cases 
of rheumatic fever. All cases were ac- 
cepted without regard for severity, 
chronicity, or the presence of conges- 
tive heart failure. In this series 3 
methods of therapy were employed: 
(a) higher doses of ACTH adminis- 
tered by intermittent intramuscular in- 
jection, (b) small doses of ACTH bv 
slow continuous intravenous drip, and 
(c) the consecutive use of both of these 
methods. 

The need for a higher dose of intra- 
muscularly administered ACTH (100 
mg. daily) became immediately appar- 
ent when the more protracted cases 
failed to respond to the smaller doses 
which proved so effective for the acute 
form of rheumatic fever. Figure 3 is 
illustrative of this phenomenon. The 
clinical response in this case of severe, 
chronic rheumatic fever with conges- 
tive heart failure was not effected 
until the dosage of ACTH was raised 
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to 100 mg. daily. It will be further 
noted that an attempt to revert to a 
lower dose of ACTH resulted in a “re- 
bound” which was again amenable to 
increased dosage of ACTH. 

The need, then, for both larger doses 
of ACTH and for longer periods of 
treatment created a_ serious problem 
of drug supply for institutional care 
where as many as 15 cases were being 
treated simultaneously. For this rea- 
son word of the possibility of intra- 
small doses of ACTH 
was received with enthusiasm. Sayers® 
ACTH 
nously over a half-hour period, to note 
that it rapidly disappeared from the 


venous use of 


gave large doses of intrave- 
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blood stream. Gordon* reported that 


the administration of small doses of 
ACTH by continuous intravenous drip 
method resulted in a steady sustained 
stimulation of the adrenal cortex. 
Figure 1 illustrates the remarkable 
eosinopenic effect from intravenous in- 
jection of small doses of ACTH. Curve 
number (1) indicates the effect from 


ACTH diluted in 10 cc. of 


when intrave- 


5 mg. of 


normal saline given 


nously to a normal subject within 2 


seconds. The immediate drop in cir- 


culating eosinophils is in evidence after 


30 minutes. Curve number (2) rep- 
resents the effect in the same individ- 


ual from the identical dose given intra 
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muscularly. There is no eosinopenic 
response. Curve numbers (3) and (4) 
show the eosinopenic response ‘after 
the ACTH. is given by the slow intra- 
venous drip method. A_ satisfactory 
drop in circulating eosinophils is ob- 
served after infinitesimal amounts of 
ACTH have been infused. In curve 
number (3) there was a change of from 
285 to 65 eosinophils per mm. within 
} hours''. This change required only 4 
ACTH. In curve number (4) 
a similar effect is noted within 3 hours 
ACTH. 
Treatment. The ideal 
administration would have 
been to maintain an infusion over a 24- 
hour period for davs on end without 
interruption. This is possible only in 


mg. of 


trom 2.5 mg. of 
Method of 
method of 


adults and would necessarily require 

modification in the handling of chil- 

dren 
Our satisfactory 


method — proved 


when the total daily dose (10 to 20 
mg.) was dissolved in 1 L. of 2.5% 
glucose in distilled water to which 


was added 10 mg. of heparin. Orig- 


inally a of 5% glucose in 
used. This 


localized 


solution 
caused a 
thrombo- 
were no 


water was 
complication — of 
mhlebitis in 2 cases. There 
further complications noted after the 
solution was changed to 28% elucose 
ind heparin was added. The children 
offered little to the intra- 
venous method. Freedom of movement 
was possible in most cases while the 
infusion was in place. Also of psycho- 


logical help was the grouping of all 


resistance 


the pediatric cases in 1 room. 

The adventages of the intravenous 
lrin method were: 

(a) Markedly reduced drug. costs, 
since the requirements were avproxi- 
mately one-tenth of that required by 
the intramuscular route. 

(b) More ranid effect as reflected 
in the anyeorance of the signs of Cush- 
ing’s syndrome. It was our general im- 
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pression that patients treated with in- 
travenous ACTH developed Cushing's 
syndrome more rapidly than those re- 
ceiving larger doses intramuscularly. 

(c) Eosinopenic response to ACTH 
could be noted at any time during the 
infusion. 

The disadvantages noted were: 

(a) Rare occurrence of thrombo- 
phlebitis which was amenable to the 
change of solution as described above 
and the addition of heparin. 

(b) The usual “vein difficulty” en- 
countered in children after weeks of 
venipuncture whenever the pediatric 
patients required very long periods of 
therapy. The intravenous method in 
situations of this kind may have to be 
abandoned in favor of the intramuscu- 
lar method. 

(c) In the pediatric cases the 24- 
hour continuous infusion was impos- 
sible because of the impractibility of 
fixing the extremity during sleep. A 
compromise time of approximately 14 
to 16 hours continuous infusion per 
day was found to be tolerated by the 
children. 

Evaluation of Treatment. The effect 
of ACTH administered by slow intra- 
venous drip on active rheumatic fever 
is graphically demonstrated by Figure 
2. Symptoms of arthralgia were prompt- 
ly relieved within 4 hours. Fever and 
signs of arthritis disappeared in 24 
hours. All evidence of carditis disap- 
neared on the 15th day of treatment. 
The sedimentation rate bevan its de- 
cline after 1 week of therapy and re- 
turned to normal value: on the 11th 
day of therapy. Signs of Cushing's syn- 
drome first were in evidence on the 
10th day, increased on the 19th day of 
treatment, and began to reeress 10 days 
after treatment was completed. 

A comparative studv between the 
intramusculer and intravenous adminis- 
tered ACTH is shown by Figure 3. 
This was a case of severe rheumatic 
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Graphic demonstration of response of a case of acute rheumatic fever treated by 
mg. ACTH daily for 20 days by slow intravenous drip method. 
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fever with congestive heart failure. 


The initial dosage of ACTH by intra- 


muscular route was obviously small by 
present standards, and hence does not 
lend itself to fair comparisons. Still 
the effect by the intramuscular method 
is noteworthy. It will be seen that as 
the evidence for rheumatic activity 
increased an increment in the amount 
of intramuscular ACTH proved inef- 
fective in suppressing this activity. 
lwo months later in a subsequent ad- 
mission with obvious recrudescence of 
rheumatic activity the daily intrave- 
nous infusion of 18 mg. ACTH daily 
was at least equally effective in’ sup- 
pressing the signs of rheumatic activity. 

Results of Treatment. Thirty-seven 
cases of active rheumatic fever have 
been treated with ACTH since the 
first report. The problem of trving to 
tabulate the results of treatment by 
table or graph with mathematical de- 
ductions is discouraging in a disease 
of so protean a nature and with such 
diversification of results. Before such 
tabulations will be attempted, more 
cases and longer periods of time are 
required, Especially is this true when 
selectivity of cases is avoided. At some 
future writing such a tabulation mav 
prove feasible. 

Broadly speaking, results are noted 
trom this study which can be stated 
is follows: All cases of acute rheumatic 
fever have responded to ACTH therapy 
promptly and satisfactorily without re- 

urrences. Five cases of the chronic or 
olyeyelic type of rheumatic fever, 
vhile showing a suppressive effect on 
uitiation of therapy, have all shown 
after therapy. There 
vas 1 case that showed no response 
whatever to ACTH by intramuscular 
or the intravenous method. This case 
was subsequently found to have sub- 


recrudescence 


Grants from the Los Angeles County Heart 


acute bacterial endocarditis. Conges- 
tive heart failure, noted in 5 cases, 
proved to be no contraindication to 
therapy. 

No definite relationship could be ob- 
served between the severity of the dis- 
ease and the rapidity of response. 
There was some relationship noted be- 
tween the duration of rheumatic ac- 
tivity prior to treatment and the length 
of time required for treatment. This 
relationship may have been more ap- 
parent than real owing to the great 
difficulty in establishing the time of 
onset of the rheumatic fever. 

Another observation of dubious 
value is related to the time of appear- 
ance of signs of Cushing's syndrome. 
In the case of subacute bacterial en- 
docarditis, showing no response to 
ACTH, Cushing’s syndrome was never 
in evidence in spite of large doses. 
With this one exception, signs of Cush- 
iug’s syndrome were produced in every 
case and were reversible in each in- 
stance®:!1.12, 

Conclusions. 1. The method of ad- 
ministration of ACTH by continuous 
or interrupted intravenous drip was 
found to be both practicable and ef- 
ficient. 

2. Response of adrenocortical ac- 
tivity as noted by onset of Cushing's 
syndreme and eosinopenia was thought 
to be accelerated by the intravenous 
drip method. 

3. The effectiveness of ACTH in 
acute rheumatic fever is again ob- 
served. Treatment is advised as early 
in the disease as is possible. 

4. Recrudescence was noted in 5 
cases; all of which could be classified as 
the chronic or polycyclic type of rheu- 
matic fever. 

5. ACTH action must still be con- 
sidered as suppressive rather than 
curative. 


Association and the 20-30 International Rheu- 
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Health is an im- 
portant aspect of the air pollution prob- 
lem is finally beginning to receive the 
attention it Industrial 
and Public Health physicians and engi- 


Tar Community 


deserves from 
neers here in America. After the pub- 
lication in 1948!" of our paper, “Health 
Costs of Urban Air Pollution.” and es- 
following the Donora dis- 
L94S*. workers in these fields 
denied, in 


pecially 
aster of 
actively one symposium 
after another across the country, the 
any valid evidence that 
community health was involved. With- 
in the limits of our meager research 
funds, we have attempted to collect 
such evidence through the past dec- 
ade, and it is the purpose of the pres- 
ent communication to present: further 


existence of 


significant findings obtained by more 
detailed study of the smoke-health re- 
lationship in Chicago. 

That Industrial and Pub- 
lic Health authorities are about ready 


American 


to abandon their obstructive negative 
interest in favor of a constructive posi- 
tive one, is evidenced by two recently 
published items. On January 17, 1952, 
the American Medical Association’s 
Council on Health author- 
ized its Committee on Environmental 
Health, Hygiene and Safety” to under- 
take a critical evaluation of the litera- 
ture dealing with the health or medi- 


al aspects of atmospheric pollution”. 


Industrial 


This council action was preceded by an 
irticle from the Harvard School of 
Public Health on “The Epidemiology 
and Social Significance of Atmospheric 
Pollution” published a few months 
earlier, in which the authors said’: 


“The or falls 


case against smoke stands 


by its effects on the respiratory system. . . 


If it is admitted that severe smoke pollution 
can be one of the causes of death from res- 
piratory disease (as at Donora), then it fol- 
lows reasonably that lesser degrees of pollu- 
tion are likely to cause pathological results 
of less severity.” 


authorities had been  inter- 
the problem's community 
health aspects for many years. Russell 
in 1924"! 


British 
ested in 


wrote: 


air is in- 
products 
accumulate . . . we about choking, 
our eyes irritated, our faces grimy. . . . It is 
then that our pulmonary mortality is run 
up and the death rate of the year deter- 


“Whenever the scavenging of the 
terrupted by calms, so that smoke 
move 


mined.” 


Langrishe, Lecturer on Public Health 
at the University of Edinburgh, said in 
1935°: 

“Statistics show a 
death rates and atmospheric conditions. The 
numbers of deaths from pulmonary and car- 
diac diseases increase in direct proportion to 
an increase in the intensity and duration of 
smoke fogs. At the extremes of life these ef- 
marked. There is also 
ground for believing that the tarry 
matter of smoke is at least partly responsible 
for the increase in cancer of the lung.” 


close relation between 


fects are most 


good 


And in 1947, Galloway* wrote that: 


“It is fair... to say that there is sufficient 
silica, carbon, tar and sulfur dioxide in the 
air of most industrial areas to cause some 
Cegree of pulmonary fibrosis, to irritate the 
respiratory mucous membranes, and to pre- 
dispose to respiratory disease.” 


Foulger?, an authority on Industrial 
Health in America, wrote in 1949: 


“We are concerned here with assessment 
of the health hazard which may exist more 
or less continually in large industrial areas 
such as Los Angeles or Chicago. The 
fortunate rarity of acute incidents such as 
( 403 ) 
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those in the Meuse Valley and at) Donora 
must not delude us into thinking they are 
in a class apart. Actually, from the physio- 
logical point of view, they are mere magni- 
fications of a frequent pattern. . . . The true 
test of health hazard to the general publi 
from any particular atmosphere is the ability 
of this atmosphere, when inhaled, to produce 
physiological deterioration in exposed per- 
sons, and especially In those having re spira- 
tory or cardiac diseases. No degree of “clean- 
ing up” of our cities can be considered satis- 
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the number normally to have been ex- 
pected in the 3-week period studied. 
We also showed" a sharply significant 
rise in the number of such deaths dur- 
ing severely smoggy periods in Los 
Angeles from 1946 to 1949. These evi- 
dences of the more acute effects upon 
persons already ill from cardiac and 
respiratory diseases receive further 
substantiation from our Chicago = sur 


rABLI AGE SEX SPECIFIC DEATH RATES FOR PNEUMONIA AND RESPIRATORY TRACT 


CANCER IN CHICAGE 


Pneumonia Death Rates per 100,000 } 


) WHITE RACE ONLY 


n Indicated Population Group per Y 


Cleanest ¢ nunily Dirtiest ¢ ty Rat 
1 Dirt 
R R {r ( 1 
Vale Val 0 
S1 (52 25 (19 170 22 (S4 SS 
70-74 55 (2¢ 03 (2 10 20 (54 $2 (21 7 
O& 
Respiratory Tract Cancer Deaths per 100,000 in Indicated Population Group per Year 
0-39 
70-74 239 (40 14 7 2 7 
over ( tt 2 ‘ 
Population Numbers in Various Groups at Risk (taken from U.S. ¢ ’ 
P1387 949055 21400 ‘ 
70-74 590 7421 117 
& 
Less than 5 deaths, rates not calculated 
Figures in parentheses indicate numbers of deaths in ear per 


factory from the medical point of view unless 
it results in an atmosphere the breathing of 
which imposes no physiologic load upon the 
least resistant inhabitant, the sufferer from 
respiratory or cardiovascular disease. e 


Logan® in 1949 demonstrated the 
very sharp rise in deaths from respira- 
tory and cardiac causes during and im- 
mediately following a severe 5-day 


smog in London, with an excess of 
more than 300 deaths over and above 


vey reported in in which we 
show direct correlation — betwee 
amount of sootfall and death rates fo 
tuberculosis, pneumonia respira 
tory tract cancer in the citys contrast 
ing cleanest and dirtiest areas. 

There is now offered a more detaile 
analysis of these Chicago statistic 


using death rates specific for age, se 
and color. Such refinements of the st 
tistical study bring out certain add 
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tional points of great importance in 
establishing the validity of community 
health hazards from polluted air. 

While using the same basic soot- 
fall and mortality data as in our study 
reported in 1948'°, we now have classi- 
fied the male-white and female-white 
pneumonia and respiratory tract can- 
cer deaths by age decades from 30 
vears onward. This was done only for 
the cleanest and dirtiest blocked areas 
of the city, as indicated in the ac- 
companying table, in order to obtain 
the sharpest possible contrasts. 

Inspecting first the section of the 
table dealing with pneumonia deaths, 
we see that the death rate for this dis- 
ease rises sharply in all categories with 
advancing age, that the death rate for 
men is always higher than for women, 
that the rates are always higher in the 
dirty areas than in the clean, and that 
the difference between pneumonia 
death rates for dirty and clean areas is 
greatest for the youngest age-decade 
studied, and lessens steadily on toward 
the old-age extreme for both sexes. The 
highest rates for every age decade are 
found among residents in the Loop area 
No. 32) and almost as high in the 
adjacent area just to the west (No. 28). 
The significance of these findings will 
be discussed in a later paragraph in 
connection with other pertinent obser- 
vations. 

With respiratory tract cancer death 
rates the most significant point brought 
out by the age-specific rate calcula- 
tions is the earlier age-onset of the 
istonishingly high male death rates 
imong residents of the city’s dirty 
ireas. The very high death rates come 
on a full decade earlier in the dirty 
ireas than in the clean, and it seems 
to be this earlier onset of high rates 
which largely accounts for the 46% 
higher total rate there. There seems to 
be no significant difference between 
clean and dirty areas in the final old- 
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age rates attained, except possibly for 
a slight indication of exhaustion of the 
supply of cancer-susceptible individuals 
at older ages in the dirty areas. 

Greatest significance attaches to the 
fact that the ratio of pneumonia death 
rates for men in the dirty districts and 
clean districts is highest in the 30 to 
39 year age group and declines steadily 
on toward old age (from 6.27 at ages 
30 to 39 down to 1.53 at ages 75 and 
over). In all likelihood this is asso- 
ciated with the greater physical activity 
of men in the earlier decades and a 
consequent inhalation of greater vol- 
umes of the dirt-laden air. As physical 
activity and volume of air breathed de- 
cline with advancing age, the pneu- 
monia death rates of the dirty districts 
come down closer to those of the clean. 
With women the contrasts are less 
sharp but assume the same general pat- 
tern. Beyond age 75 this ratio of dirty 
to clean area rates is the same _ for 
both sexes. 

In support of the likelihood of vol- 
ume of air breathed being a major 
factor in dirty air damage, we may cite 
studies on experimental animals" living 
in beryllium tainted atmospheres. With 
only the minute air content of beryll- 
ium capable of killing 12% of the ex- 
posed animals in a given period of rest- 
ful existence, enforced activity re- 
sulted in the death of all. We cannot 
experiment similarly with people, but 
their pneumonia death rates in clean 
and dirty air (as cited above) certainly 
indicate the likelihood that dirty air 
does indeed become more damaging 
the greater the amount inhaled and 
the more thoroughly the dirty air pene- 
trates deep into the lungs. This can ac- 
count not only for the sharpest con- 
trasts between clean and dirty districts 
in the early age groups, but also for 
the consistently higher rates and ratios 
for men than women of all age groups. 
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These age-specific and sex-specific 
death rate studies in Chicago's clean 
and dirty districts are 
broadened to see 


now being 
whether socio-eco- 
nomic Or occupational factors can ac- 
count for much of the observed con- 
trasts. Occupations carrying exposure 
to certain types of industrial dusts are 
known to increase respiratory disease 
hazards, hence this factor must also be 
evaluated in the Chicago picture. Even 
though an occupational relationship is 
found, however, we would only be pro 
viding further emphasis for the general 
respiratory hazards of breathing pol- 
luted air. 

Our previous Chicago studies were 
criticized by the Harvard School of 
Public Health authors?, who objected 
to the use of sootfall (dustfall ) statistics 
as valid measures of prevailing air 
pollution, preferring instead data on 
some common pollutant such as SO 
remaining in the air. Sulfur dioxide is 
indeed one of the most common pollut- 


ants of industrial 


combustion and 
sources, and 


keeping 


today a few cities are 
record of its concentration 
within their boundaries. Fortunately an 
extensive survey of SO. in the Chicago 
atmosphere!” had been carried out only 
a few years before our respiratory dis- 
ease study was made there, so let us 
see what relation such SO. data bear 
to those for sootfall. 

For the Loop and downtown busi 
ness district there was found an air 
SO; average of 0.40 ppm., and in the 
Congested South Side residential areas 
(3lst to 48th Streets) an average of 
0.27 ppm. In the cleaner outlving resi- 
dential areas there was much less SO.. 
the rough average being about 0.10 
ppm. The SO. concentrations thus ex- 
hibit the same regional gradation from 
the Loop outward that is found with 
sootfall data, which ranged from 160 
.tons per square mile per winter month 
in the Loop down to 70 in the Con- 
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gested South Side and on down to an 
average of 20 in the cleanest outlying 
residential districts. It is quite obvious, 
therefore, that the significant relation- 
ship we found to exist between soot- 
fall and respiratory disease would also 
hold equally well for atmospheric SOs. 

In further support of our use of soot- 
fall statistics as the most valid indica- 
tion of degree of air pollution thus far 
available, we their 
more recent recommendation and use 
by Public Health Service investigators*. 
They, too, found a significantly higher 
incidence of. respiratory infections in 
the high-sootfall portion of a Maryland 
city than in its cleaner districts. They 
failed to make any 


might cite even 


mention, however, 
of our earlier work which their methods 
mainly copied and their results sup 
ported. 

The evidence is becoming increas- 
ingly clear that polluted air does in- 
deed carry respiratory hazards of se- 
rious import. By its more acute effects 
in periods of dense smogs, it markedly 
increases life hazards for those indi- 
viduals already handicapped by pre- 
existing respiratory or cardiac troubles. 
through 
vears of lesser exposure show up in a 


Its more insidious effects 
which 


predisposes to pneumonia and_tuber- 


chronic respiratory irritation 
culosis and brings on the high old-age 
lung cancer a full decade 
earlier in life. Studies are badly needed 
to show just pollutants 
singly or in combination, can produce 


rates for 
what air 


such effects on the respiratory system 


through long-term continuous expo 
sure. Such studies would differ sharply 
from those dealing with short-term in 
plant worker Funds 
cover such studies have been requested 
repeatedly from the U.S. Public Healt! 
Service and consistently refused. 
Summary. Death rate studies (speci 
fic for age. sex, and color) for Chica 


go's most polluted and cleanest cor 


exposures. 


MILLS: AIR: POLLUTION 


trasting areas bring out the following 
pertinent findings: 

The death rates for pneumonia rise 
sharply in all categories with advanc- 
ing age, are always higher for male 
than for analagous sections of female 
populations, are always higher in the 
dirty areas than in the clean, and the 
difference between rates for the dirty 
and the clean areas are greatest for 
the youngest age-decade studied (30 
to 39 vears) and lessen steadily on 
toward the old-age extreme for both 
sexes. Highest rates for every decade 
are found among residents in the dirty 
Loop area and in the areas adjacent 
te it on the west. 

With respiratory tract cancer death 
rates, the most significant finding is 
that the astonishingly high old-age 
male rates come on a full decade 
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earlier in the most polluted sections 
of the city than in the clean. This 
earlier onset of high rates in the dirty 
districts seems largely to be responsible 
for the 46% higher total rate there. 
There seems to be no significant differ- 
ence between clean and dirty districts 
in the final old-age rate attained, except 
possibly for a slight indication of ex- 
haustion of the supply of cancer-sus- 
ceptible individuals at the older ages 
in the dirty areas. 

Regional differences of sootfall with- 
in the city of Chicago show fairly close 
correspondence with sulfur dioxide 
concentrations in the air. This gives 
added significance to our correlation 
studies in which soot-fall data were 
taken as the best index available of 
prevailing air pollution. 
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Tue effects of intramuscular or intra- 
venous injections of pancreatic tissue 
extract on claudication time?’ and of 
various parenteral vasodilators on skin 
temperature have been 
Since, in long continued use of a drug, 
the oral route is much to be preferred, 
it was thought to be of interest to ob- 
serve the effects of vasodilators which 
can be given by mouth on intermittent 
claudication, night cramps, claudication 
time and skin temperature. The follow- 
ing drugs were tested: 

1. ProNestyL® (procaine amide) is 
the amide analogue of procaine. How- 
ever, it is not destroyed by the esterase 
which splits procaine rapidly into para- 
aminobenzoic acid and diethylamino 
alcohol’. It does possess the trialkyl- 
amino group which is common. to 
diethylaminoethanol, procaine — and 
other compounds which have a spas- 
molytic effect on smooth muscle’. 

Preliminary studies of the effect of 
intravenous diethylaminoethanol in this 
laboratory have indicated an increased 
blood flow through the skin which did 


Welfare Island, and the Department of Medicine 
College of Medicine 


New York 


Universits 


New York, N. 

not occur after intravenous Pronestyl”. 
Recently and Clark" re- 
ported that procaine amide has only 


Newman 


one-fifth the vasodilator action of pro- 
caine in animals as measured by femor- 
al blood flow. 

2. RontacoL® (beta pyridyl carbinol 
the 
nicotinic acid and is believed to com 
bine the vasodilator effect of alcohols 


tartrate), is alcohol analogue ot 


with that of nicotinic acid*. Prelimi 
nary reports on its use clinically 
have been encouraging®:'® skin 


temperatures have shown significant 
rises following intravenous injection. 

3. PriscoLtine® (benzyl imidazoline ) 
is an adrenolytic agent which also 
blocks sympathetic vasoconstrictor im 
pulses in higher dosage'*:"!, Skin tem 
perature studies have shown increases 
in peripheral blood flow following in 
travenous administration’ Prisco 
line® has also been thought effective in 
the treatment of patients with impaired 
circulation®. 

4. SKF 688a (N-phenoxyisopropyl-1) 


benzol-B-chlorethylamine — hydrochlo 


* The work described in this paper was supported in part by grants from the New Yor 
Heart Association and the Public Health Research Institute of the City of New York. 
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ride ) is the n-phenoxyisopropyl ester of 
dibenamine. It has been noted to have 
adrenergic and sympatholytic proper- 
similar to dibenamine and it’ is 
capable of producing extensive sym- 
pathoadrenal blockage following oral 
administration. It has been found to be 
much more potent than dibenamine’?. 
In humans, preliminary studies have 
shown postural fall in blood pressure, 
vasodilatation, dizziness and 
antagonism to the excitatory action of 
Other physiologic effects 
have included faintness, 
fatigue, diarrhea, drowsi- 
ness, headache, nasal congestion and 


ties 


miosis, 


adrenalin!?. 
reported 


eakness, 


blurred vision! 


Methods and Material. Four male patients 
with clinical signs of arteriosclerosis obliterans 
Were Phe intermittent 
claudication and night cramps was listed and 
race d be fore 


pt riods 


studied incidence of 


and during the experimental 


The drugs and placebos were given orally 
f 15-day periods in divided 
Pronesty]®, 2 gm.; 


300° mg.: 


Ol approximately 
follows: 
600 


daily doses as 


Roniacol® Priscoline®, 


ind SKF 688A, 120 mg. A few additional 
experiments were also done with intravenous 
diethylaminoethanol, Dibenamine®, Ronia- 
col® and Priscoline® 

Claudication time was measured twice 


weekly on 


ere carried out on 


a bicycle ergometer!?, Two. tests 
each oceasion with 10 

15 minutes rest between them. Each pa- 
ent rested for 
rst test. All observations were made 3 to 4 
after 


a similar period prior to the 


administration of the drug and 
he environmental conditions were maintained 
latively constant. Two hundred and _fifty- 


ur ergometric tests were done on 4 pa- 
ents 
Skin temperatures were recorded —quasi- 


ntinuously over periods of 180 minutes in 

constant temperature room approxi- 
itely 20° C and 50% humidity; the patients 
ere in a fasting state. These recordings were 
ne on 3 of the 4 patients toward the end 
f each experimental period. 

Abbreviated Case Histories. MR was a 72- 
ear old white male with generalized arterio- 
lerosis, diabetes mellitus, bilateral cataracts 
nd chorioretinitis. Intermittent claudication 
id been present in his right calf for several 
ears in addition to severe night cramps. 
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Roentgenograms of the legs were negative 
for soft tissue calcification. 

JK was a 64-year old white male with 
generalized hypothyroidism, 
and_ bilateral cataracts. He had had claudi- 
cation in his left leg on walking 1 block for 
many years and severe night cramps. Physi- 
cal examination blood pressure 
of 190/70, an enlarged heart, and absence 
of all but the left femoral pulse in the legs. 
There well marked postural color 
changes and moderate trophic changes. An 
ulcer with 


arteriosclerosis, 


revealed a 


were 


a large hyperkeratotic scab was 
present on the right lateral malleolus. Roent- 
genograms of the legs revealed marked _ bi- 
lateral calcification on the femoral and pop- 
liteal vessels. 

VR was a 6l-year old Negro male, born 
in Italy, with generalized arteriosclerosis and 
arteriosclerotic heart disease. He had had in- 
termittent claudication and moderately se- 
vere night cramps for 3 There were 
moderate postural color changes with minimal 


years. 


trophic changes. The peripheral pulses were 
palpable and roentgenograms of the 
were negative for soft tissue calcification. 

RA was a 50-year old white male with 
hypertension, generalized arteriosclerosis, por- 
tal cirrhosis, periarthritis of both shoulders. 
He had had intermittent claudication involv- 
ing mainly the right leg for 5 years, without 
night cramps. He had occasional numbness 
in the right leg. Pulsations in the legs were 
diminished with absence of the posterior 
tibial pulse on the left. There were moderate 
postural color changes with moderate trophic 
changes and severe hyperhidrosis. 


legs 


Results. The circulatory effects of 
the 4 drugs and their corresponding 
placebos are best considered separ- 
ately. 

1. Pronestyl® was given to 3 patients 
in dosage of 500 mg. every 6 hours, for 
approximately 14 days. An_ identical 
placebo was administered for the same 
period. With these relatively small 
doses there was no change in the in- 
cidence of claudication or severity of 
the night cramps or of exercise toler- 
ance. Observations on skin tempera- 
tures were made during the period of 
oral Pronestyl® administration even 
though earlier studies* indicated that 
intravenous infusions of procaine amide 
had no effect on skin temperature. Two 


| 
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patients (JK and MR) were given a 
second course of Pronestyl®. In none ot 
the patients was there a significant rise 
in skin temperature. 

2. Roniacol® was given in dosage of 
200 meg. every hours for approxt- 
mately 14 days. Identical 
were also given for a similar period. 
All patients noted improvement in their 
svmptoms of claudication 
who suffered from night cramps were 


placeb 


and those 


improved. The night cramps became 


much less frequent in 2 patients and 
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the drug (Table 2). Roniacol” 
generally well tolerated although 2 pa- 
tients initially noted marked flushing 


of the face and neck. This was even 


Was 


more striking following intravenous ad- 
ministration. 
3. Priscoline® in dosage 


Was given 


1 times a day. All patients 


of 75 mg., 


noted improvement in claudication. 
The 3 who suffered from night cramps 
noted complete relief on Priscoline®; 
the night cramps returned abruptly on 
RA and VR) had 


discontinuance. Two 


Two patients had significant increases 
in their claudication time with Ronia- 
col (Table 1). In both patients it was 
evident that the drug effect persisted 
for 2 to7 days following discontinuance 
of the drug. The most significant meas- 
urement appears to be the last one 
made during the period on drug rather 
than the mean reading for the entire 
period. Skin temperatures were re- 
corded on 3 patients near the end of 
the period on the drug and while on 
placebo therapy. One showed signifi- 
cantly higher temperatures while on 


disappeared completely in the third. increase in claudication time on the 
TABLE 1.—EFFECT OF THREE VASODILATOR DRUGS ON CLAUDICATION TIMI 
Claudication time given in seconds 
Ron Ron. GONNA A Pla Pris. Pla : 
600) ma HOO mg ma (Hi ma 
Control q d qa yal yd 
t. A. 55 266 78 215 15 G2 205 
Vou 218 $78 210 238 2337 HG +1 
M.R +8 gS) 69 93 107 95 68 
J. K 135 110 119 4] 140 
!ABLE 2.—EFFECT OF THREE VASODILATOR DRUGS ON SKIN TEMPERATURE 
OF THE TOES 
Skin temperature given in “¢ 
Ron Ron. Place 688—A GSS Pla P Pla 
600 mq. d 600 mq. q d 120 mq. a.d 120 mq. ad OO mq. a.d Wimag.a.d 
Rot Lat Rat Lat Rat Lat Rat Lut Rat Lat Rat Lat 
V.R 33.0 33.75 28.5 380.75 1.2 31.75 24.5 28.0 30.75 31.5 8.0 27.5 
M.R 31.0 30.5 31.0 30.5 6.75 27 25 WITH Ws 95 19.5 
J. K 27.0 2.75 2.2 29 21.5 20 21.5 210 19.5 2.75 


ergometer while the other 2 (MR and 
JK) showed no change (Table 1). Two 
had higher skin temperatures on Pris 
coline® than on the placebos (Table 2 

SKF 6S8SA was given 
10 meg. 8 hours. 
noted substantial relief of claudication 
The other 2 did not. Night cramps wer 
moderately improved in 1, slightly in 
another but appeared to be worse in : 


in dosage ot 


every Two natients 


third. Two had increase in claudication 
time, the other 2 showed no change 
The temperatures were higher than o: 
placebos in all 3 patients tested (Tabli 
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1). One showed significant skin tem- 
perature increase on SKF 688A but only 
equivocal rise on oral Roniacol® and 
none on oral Priscoline® (Table 2). 
Three patients showed decreased ap- 
petite. All patients had blurred vision 
and 2 were tested for pupillary re- 
sponses. The pupils of both patients 
were contracted to about 3 mm. in dia- 
meter and would constrict with light 
but would not dilate with darkness. It 
was impossible to produce pupillary 
dilatation the use of large 
amounts of 2.5 and 10@ neosynephrine, 
10% paredrine and 10% cocaine. All pa- 
tients developed nasal congestion and 


despite 


2 noted marked weakness. Two patients 
showed decreases in blood pressure of 
10 to 60 mm. Hg systolic and 10 to 30 
Hg diastolic. Two 
change in blood pressure. 

INTRAVENOUS 


mm. showed no 
ADMINISTRATION. Two 
patients were given single injections of 
100 mg. of Roniacol® intravenously. 
Both noted marked flushing of the face 
and neck, along with subiective im- 
provement in claudication. One had a 
threefold increase in claudication time 
which persisted for several davs. The 
other had no increase in claudication 
time with Roniacol on 2° oceasions. 
This patient was given 3.8 gm. of 
diethylaminoethanol intravenously 
within a 5-minute period. There was 
10 increase in claudication time. Earlier 
tudies indicated a skin tem- 
erature of the toes in 11 of 20 sub- 
ects. One patient (IK) was given 75 
ig. of Priscoline® intravenously. He 
howed a marked abrupt rise in both 
ingers and a later slow rise in both 
toes. Severe leg cramps were noted 
ibout 30 minutes after administration 
f the drug. 
Discussion. 


rise in 


Since measurements of 


peripheral blood flow emploved in this 
studv were indirect, the evaluation of 
vasodilator drugs was difficult. We have 
attempted to combine several available 
methods of measurement. Intermittent 
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claudication and night cramps were 
found to be fairly reliable indicators 
of drug action. Prolonged drug action 
was noted to persist sometimes for sev- 
eral days after the drug was discon- 
tinued. 

The correlation between the spon- 
taneous occurrence of intermittent 
claudication claudication — time 
measured on the ergometer was good 
in 2 patients and was poor in the other 
2. It is of interest that in 2 patients (RA 
and VR) the claudication time never re- 
turned to the control period baseline 
though it showed increases during drug 
periods and decreases during placebo 
periods. It is not clear whether the 
improvement was due to the exercise 
necessarily connected with repeated 
tests or to action of the drugs. Two 
patients (MR and JK) noted marked 
subjective improvement in intermit- 
tent claudication and night cramps. 
but had no significant changes in 
claudication time. The other 2 patients 
‘RA and VR) showed more than two- 
fold increase in claudication time with 
Roniacol® and Priscoline®, and mod- 


erate increase with the Dibenamine 
analogue. With Procaine amide no 


changes in claudication times were ob- 
served. 

Skin temperatures of the toes tended 
to be higher when the patients were on 
drug therapy than on the correspond- 
ing placebo. 

Following a single intravenous in- 
jection the blushing effect of Roniacol® 
is a constant feature, accomnanied by 
significant elevations in temperature 
of the blushing area. However, with 
chronic oral use of the drug, the ten- 
dency to blush becomes progressively 
less evident. while there is apparently 
a greater effect on the toes. These dif- 
ferences in the site of maximum effect 
and change in effect with daily dose 
suggest that it might not be reliable 
to test bv a single large dose a vaso- 
dilator which is to be used clinically 
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in prolonged, continuous administra- 
tion. 

The skin temperature responses of 
RA were erratic, possibly due to hyper- 
hidrosis, excluded from 
that type of measurement as 
able. 

Side effects included occasional mild 
gastric irritation and anorexia with all 
of the drugs. Flushing of the face and 
neck was noted with Roniacol® follow- 
ing initial doses. 

The action of SKF 688A persisted 
for approximately a week after the 
drug was discontinued. Such delaved 
action might be expected from the fact 
that Dibenamine® is taken up by the 
fat depots of the body and then slowly 
released?. 


and he was 


unsuit- 


Roniacol® seemed to have a greate 
effect on intermittent claudication, and 
night cramps. SKF 
688A showed definite vasodilator prop- 
erties; they were complicated by other 
adrenergic blocking effects. These in- 
cluded the effect on the 
pupillary mechanism. Pronestyl® had 
no measurable vasodilator effect. 


Priscoline® on 
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ent tests used in a given patient sug- 
gests that a better evaluation of a vaso- 
dilator drug can be had by using mul- 
tiple tests than by any single test. 
Summary. 1. The response of inter- 


mittent claudication, night cramps, 
claudication time and skin tempera- 
ture was observed with Pronestyl® 


Roniacol®, Priscoline® and new 
adrenergic blocking agent (SKF 688A ) 
in 4 male patients with arteriosclerosis 
obliterans. 

2. Intermittent 


night 


claudication and 


cramps were improved with 
Roniacol® and Priscoline®, and to a 
lesser degree with SKF 6SSA. No effect 
was noted with Pronesty]®. 

3. The claudication times were sig- 
nificantly lengthened in only 2 of the 
{ patients on Roniacol®, Priscoline® 
and SKF 688A. There was no change 
with Pronesty]®. 

1. The skin temperature of the great 
toes was elevated on SKF 688A in all 
of the 3 patients tested; and in 2 of the 
3 on Roniacol® and on Priscoline®. 


5. No single test seems adequate to 


Lack of agreement among the differ- describe vasodilator effects. 
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THE ELECTROCARDIOGRAPHIC CHANGES 


ASSOCIATED WITH HYPERCALCEMIA AND HYPOCALCEMIA® 


By Paut N. G. Yu, 


M.D. 


From the Chest Laboratory and the Heart Station of the Department of Medicine, University 
of Rochester School of Medicine and Dentistry, and the Medical Clinics of Strong 
Memorial and Rochester Municipal Hospitals, Rochester, New York. ) 


Tue changes in the human electro- 
cardiogram with hypercalcemia and 
hypocalcemia have been described by 
The 
most constant and outstanding change 
described is alteration of the QT in- 
terval. With hypercalcemia the QT in- 
terval is shortened, whereas in hypo- 


many 


calcemia it is abnormally prolonged. 
The shortened QT interval in hyper- 
parathyroidism returns to normal after 
removal of the parathyroid tumor'!, 
and the prolonged OT interval in cases 
of tetany decreases as the serum cal- 
cium level rises with treatment*:'*, The 
prolonged QT interval in patients with 
hypocalcemia indicates lengthening of 
electrical systole, but not of mechanical 
systole*. Wofford and Ernstene'’, using 
the Chart of White and Mudd, found 
that the OT interval was prolonged in 
most of 15 patients with hypocalcemia. 

Recently and Proudfit'® 
have pointed out that in cases of hypo- 
alcemia the prolongation of the QT 
terval is actually due to lengthening 
{ the ST segment. Marzahn' also 
tressed the importance of the length- 
ned ST segment in patients with low 
levels of serum calcium. 

It is the purpose of this report (a) to 
lescribe and emphasize the electro- 
ardiographic changes in patients with 
iypercalcemia and hypocalcemia; (b) 
to correlate the level of serum calcium 
with the corrected QT interval and the 


Ernstene 


duration of the ST segment in these 2 
conditions; and (c) to differentiate these 
electrocardiographic changes from 
those associated with other conditions. 


Material and Method. Between September, 
1949 and December, 1951 2 patients with 
hypercalcemia and 10 patients with hypo- 
calcemia due to various causes were admitted 
to the Hospital. In this Hospital the normal 
range of serum calcium varies between 9 and 
11 mg. per 100 cc. (4.5—5.5 mEq./L.). All 
the patients included in this report had had a 
serum calcium level either above 13 mg. per 
100 ce. (6.5 mEq./L.) or below 7 mg. per 
100 ce. (3.5. mEq./L.) on 1 or more oc- 
casions, 

One or more electrocardiograms 
taken on each patient at the same time that 
blood samples were obtained for the deter- 
mination of serum electrolyte. In several in- 
stances, simultaneous electrocardiograms and 
serum calcium determinations were followed 
at regular intervals for a number of days 
until the discharge or death of the patient. 

In about one-half of the patients, the dis- 
turbance of calcium metabolism was not 
clinically until the electrocardio- 
gram was read. In each instance, the blood 
samples obtained on the same day showed 
an abnormal serum calcium level and con- 
firmed the electrocardiographic interpretation 

The electrocardiogram usually consisted of 
6 limb leads and 6 or 3 precordial leads 
(V,_« or V,, Va, and V,). The QT interval 
was measured in the 3 standard limb leads 
and in the 3 precordial leads (usually V,, V;, 
and V,,). An average value obtained in these 
6 leads was used. The corrected QT interval 
or QTc was derived by using the modified 
Bazett’s formula, QTc QOT!5. The upper 

V RR 
and lower limits of the normal for the QTc 


were 


suspected 


*This study has been supported in part by the Hochstetter Fund and a research grant-in- 
aid from the National Heart Institute, of the National Institutes of Health, Public Health Service. 


(413) 


ver 


interval in this Hospital are ©.43 and 0.36 


respectively. The ST segment was usually 


measured in both leads | and V.. The upper 
limits of the duration of the ST segment hay 
been adapted from data published by Ash- 
man and Hull? 


Results. The pertinent data, includ- 
ing the diagnoses, the electrocardio- 
graphic measurements, and the blood 
chemical analyses for these 12 patients 
are presented in Table 1. 

HypERCALCEMIA. Two patients had 
hypercalcemia for varying periods. One 
patient (E. S$.) had a normal QTc in- 
terval but the ST segment was _ short- 


RS 321728 
1-17-51 


Fic. | 


HYPERCALCEMIA 


Hypercalcemia. Case 1. (R. S.). 


AND HYPOCALCEMIA 


clectrocardio- 
other patient 


ened. The outstanding 
graphic changes of the 


(R. S.) were shortening of both the ST 


segment and the QT interval. The case 
report of the second patient is pre 
sented as an illustration. 


CasE 1. R. S. (Fig. 1) was a 47-vear old 
white female who was admitted with a ten 
tative diagnosis of anemia. Physical exami- 
nation showed pallor, slight icterus, marked 
splenome galy and minimal enlargement ot 
the liver. Laboratory findings included hemo- 
globin 8.4 gm., hematocrit 214, icterus in 
dex 27 
Coomb’s test. The 


and strongly positive 


See text and Table 1 for explanation. 


serum bilirubin 4 mg. per 100° ce., 
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working 
anemia, and 


diagnosis was acquired hemolytic 
an attempt was made to pre 
pare her for splenectomy. She was given a 
ACTH. condition 
deteriorated gradually and she developed hy- 
perpyrexia and tachycardia. Sternal marrow 


biopsy 


course oft However, her 


suggested a reticulum cell sarcoma, 
but at postmortem examination the final diag- 
nosis was acute leukemia of parent cell type. 

The electrocardiogram made on January 17, 
1951 showed a very short ST segment (0.04 
and the QTc interval was 0.32. The 
diagnosis of hypercalcemia was first  sug- 
gested bv the 
graphic changes. A blood specimen obtained 
on the same day had an exceedingly high 
serum calcium level (16.1 mg. per 100 cc) 
1951 
with treat 


second 


characteristic electrocardio- 


\ serum calcium level on February 12, 
declined to 12.2 mg. per 100 c« 
ment; and at the same time the electrocardio- 
gram showed lengthening of both the OT 
interval (0.387) and the ST segment. In ad- 
dition, the amplitude of the 7 
precordial lead increased 


wave in the 
level of the 
However, there was no 
deviation of the ST segments. and both the 
QRS complex and the PR interval were un 


changed. 


as the 
serum calcium fell 


The total serum protein and the albumin 


globulin ratio were normal throughout her 


course. The level of serum potassium varied 
between 3.3 and 4.5 mEq./L. (Table 1). 


HypocaLceMiA. Ten patients showed 
a subnormal serum calcium level for 
varying periods. The most conspicuous 
electrocardiographic changes associated 
with hypocalcemia were prolongation 
of the ST segment and the OT inter- 
val (Figures 2 to 5). When the serum 
calcium level falls below 7 mg. per 
100 ce. (3.5 mEq./L.), the duration of 
the ST segment usually exceeds the 
upper limit of the normal values 
adapted by and Hull*. Pro- 
longation of the ST segment is usuallv 
seen most clearly in the left precordial 
leads (V,, V; and V,) and in leads I 
and aV,. The following case illustrates 
the electrocardiographic pattern. 


Ashman 


Case 2. J. P., a 45-year old woman was 
first admitted on April 27, 1950 with a his- 
tory of shaking for 3 days. She had been 


known to have congenital polycystic kidneys 
and hypertensive cardiovascular disease for 


HYPERCALCEMIA 


AND HYPOCALCEMIA 


more than 10 years. The pertinent physical 
findings on admission were pallor, edema of 
the ankles, hypertensive 
70/110 


masses the 


retinopathy, a blood 


pressure of mm. Hg and large 


lobulated 


Chvostek and Trousseau signs were negative 


abdomen. The 


The urine showed one plus albumin. Blood 
chemistry showed a serum calcium level of 4 
mg. per 100 cc. (2 mEq./L.), serum inorganic 


phosphorus 6.6 mg. per 100 cc., blood urea 


nitrogen 95 mg. per 100 cc. The total serum 
protein was 6.6 gm. per 100 cc., with an al- 
bumin-globulin ratio of 4.2/2.4 (Table 1 
An electrocardiogram Figure 2 made on 


April 27, 


val and ST segment. These changes were in 


1950 showed prolonged QTc inter 


terpreted as highly suggestive of hypo- 
calcemia. The next day the serum potassium 
was 4.8 mEq./L., and the 
1588 mEq./L 


calcium the 


Serum sodium 

After she was given 6 gm. of 
level of 
per and the 
changes were. still compatible with hypocal 
She was discharged on May 3, 1950 
with a serum calcium level of 7.6 per 100 c 
(3.8 mEq./L.). 

On February 6, 1951 she was readmitted 
During the 
tion the serum calcium levels varied between 
5.2 and 8 mg. per 100 ce. (2.6—4.0 mEq./L 


Several eclectrocardiograms were made 


calcium was 5.9 mg 


electro ardiographic 


cemila 


for study period of hospitaliza 


and in 
each instance both the QT interval and_ the 
ST segment markedly 
than that had been observed during the prey 


finally 


were le ss prolonged 


ious admission. She was discharged 


in improved condition 


Slight depression of the ST segment 
and appearance of a distinct U 
occurred in one case (M. R., Figure 3 


Wave 


in whom the serum potassium level 
was 3.7 mEq./L. In the case of R. F 
(Figure 4) the QT interval was pro 


longed to such a degree that the P 


wave was obscured by the preceding 
T wave. The T wave was rather high 
in more than half of the patients wit] 
hypocalcemia, although it was low i: 
3 cases (R. F.. M. R., and D. B. 

There was no change in either th 
PR interval or the QRS complex it 
anv of the cases studied. 

The duration of the ST segment an 

the level of serum calcium are ge! 
erally inversely related in both hyp« 


| 
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Fic. 2.—Hypocalcemia. Case 2. (J. P.). The electrocardiogram made on March 1, 1949 was 
essentially normal and the serum calcium level was 9 mg. per 100 cc. (4.5 mEq./L.). The next 
two tracings showed prolongation of both the ST segment and the QTc interval. The serum 
cium level on April 27, 1950 was 4 mg. per 100 cc. (2.0 mEq./L.) and on May 1, 1950, 
5.9 mg. per 100 cc. (3.0 mEq./L.). See text and Table 1 for further information. 


ilcemia and hypocalcemia. A similar Discussion. Our data confirm previ- 
verse relationship exists between the ous reports that the outstanding elec- 
iration of the QTc interval and the  trocardiographic change associated 
rum calcium level. In this series of | with abnormal serum calcium levels is 
tients, the coefficient of correlation marked alteration of the QT interval, 
tween the ST segment and the cal- which in turn is largely due to shorten- 
m level is —0.84, and that between ing or len:,thening of the ST segment. 
QTc interval and the serum cal- Both the ST segment and the QTc in- 
m level is —0.70. Both figures are terval vary inversely with the calcium 
usidered to be highly significant. level. To the writer's knowledge, no 
cure 6 shows the graph of the ST correlation between the serum calcium 
ments and the QTc intervals plotted level and the ST segment has been 
spectively against the serum calcium previously reported. In the present 
el in 34 determinations. series measurement of the ST segment 
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MR. 319660 L.T. 


R 


4 
Vv. 
6 
Fic. 3.—Hypocalcemia. Case M. R. The electrocardiogram showed definite ST depressior 
a distinct U wave in the precordial leads, and prolongation of the ST segment and the Q1 
interval. The serum calcium level was 6.9 mg. per 100 cc. (3.5 mEq./L.) and the serum 
potassium was 3.7 mEq./L. The ST depression and appearance of U wave were probab 
due to concomitant hypopotassemia 
Case L. T. Distinct prolongation of both the ST segment and QTc’ interval was dem 
strable in the electrocardiogram. The serum calcium level. was 4.7 mg. per 100 
(2.4 mEq./L 


as illustrated by case E. S. is a more” r 0.65) exists between the seru 
accurate diagnostic aid than the QT calcium level and the corrected | 
interval in detecting hypercalcemia. interval. As pointed out by Taran and 


Woftord and Ernstene!® did not find  Szilagyi'® and others! the measured 
a mathematical relationship between QT interval should be corrected | 
the measured QT interval and the _ heart rate in order to evaluate its va 
serum calcium level. However, recal- ation under changing conditions. 
culation of their data shows that a The QTc interval is usually short 
highly significant correlation (N = 47, hypercalcemia, especially when 


‘ 
ave wat 
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hic. 4.—Hypocalcemia. Case R. 


AND HYPOCALCEMIA HY 


M.M 322181 


F. The electrocardiogram showed a sinus tachycardia with 


cfinite prolongation of the ST segment and the QTc interval. The QT interval was prolonged 
such a degree that the P wave was obscured by the preceding T wave. The serum calcium 


el was 5.2 mg. per 100 ce. 


Case M 


(2.6 mEq./L.). 
M. The changes are similar 


m calcium exceeds 13 mg. per 100 

6.5 mEq./L.). Shortening of the 

(JT interval is principally due to short- 

ning of the ST segment. The ST seg- 

ent in | of our cases (R. S.) was only 

04 seconds when the serum calcium 

evel reached 16.1 mg. per 100 cc. (8.0 

nEq./L.). As the serum calcium be- 

came lower, the ST segment began to 
lengthen in the electrocardiogram. 


to those seen in the electrocardiogram made on case 
'. The serum calcium level was 5.6 mg. per LOO cc. (2.8 mEq./L.). 


Marked shortening of the QT in- 
terval has been reported to occur in 3 
conditions: hypercalcemia''. digitalis 
effect®, and acute pericarditis'®. With 
digitalis effect, the shortened QTc in- 
terval is invariably accompanied by 
sagging or depression of the ST seg- 
ment and a diaphasic T wave. Fur- 
thermore, appearance of ventricular 
premature beats and prolongation of 
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Ve 


Fic. 5.—Hypocalcemia. Case E. F. The electrocardiogram showed characteristic changes 
hypocalcemia—distinct prolongation of the ST segment and the QTc interval. The sen 
calcium levels on March 6, and March 21, 1951 were, respectively, 4.4 mg. per 100 
(2.2 mEq./L.) and 4.8 mg. per 100 cc. (2.4 mEq./L.). 


auriculo-ventricular conduction are not The electrocardiographic changes 
uncommon. Distinct electrocardio- with hypocalcemia are the opposite 
graphic changes other than shortening those of hypercalcemia. The STs 
of the QT interval occur in many cases) ment and the QT interval are p. 
of acute pericarditis. These include longed. These changes are frequent!) 
elevation of the ST segment in the pre- demonstrated when the serum calcium 
cordial leads and the limb leads, except level is less than 7 mg. per 100 

in Vy or aVy, where the ST segment is (3.5 mEq./L.) and they are always 
depressed. Later in the course of peri- observed when the level is 6 mg. 
carditis, the ST segment becomes iso-- 100 cc. (3 mEq./L.) or less. This agres 
electric and the T wave may be in- well with the observations reported 
verted. Therefore, electrocardiographic Reynolds et al."*. 


differentiation of hypercalcemia, digi- The mechanism of prolongation ©! 
talis effect and acute pericarditis is the ST segment in hypocalcemia ‘s 
possible in most cases. still obscure. It has been explained 1s 
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Chis graph shows the correlation between serum calcium level and QTc interval 
hove 


and between serum calcium level and duration of ST segment (below). 


tanic state of cardiac muscle'*. It is not possible to distinguish the 2 


iteresting to note that in 2 of our conditions by the changes in the 
. there was no evidence of tetany, electrocardiogram alone*®. However, 
i) when the serum calcium level Ernstene and Proudfit'® pointed out 
is as low as 5 mg. per 100 ce. (2.5 that prolongation of the QT _ inter- 
Eq./L.). val with hypocalcemia is largely due 


Klectrocardiographic patterns in 
\ypopotassemia have been described in 
letail by Bellet and associates*'*, Pro- 


iongation of the QT interval is a pre- 


to lengthening of the ST segment. On 
the other hand, in hypopotassemia it 
is caused principally by widening of 
the T wave. and Ernstene'* 


dominant feature in both hypopotas- 
semia and hypocalcemia. Sometimes it 


state further that an abnormal serum 
potassium concentration seems more 


} 
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important than hypocalcemia in pro- 
longing the QT interval. On the other 
hand, Reynolds et al. stated that the 
magnitude of prolongation of the OT 
interval is generally greater with hypo- 
calcemia than with hypopotassemia of 
a like degree", 

Engel et reported interesting 
findings in 2 patients with simultane- 
ous hypopotassemia and hypocalcemia. 
The electrocardiographic abnormalities 
were characteristic of hypopotassemia 
and were abolished by treatment with 
potassium, but were not affected by 
calcium administration. However, Bel- 
let and associates’ reported that it 
is necessary to administer both calcium 
and potassium in such cases to restore 
the electrocardiogram to normal con- 
figuration. 

Electrocardiographic changes in pa- 
tients with hypopotassemia usually in- 
clude lowering or inversion of the T 
wave, depression of the ST segment 
and the appearance of the U wave, in 
addition to the prolonged QT inter- 
val. These changes have been empha- 
sized by Bellet and associates’. 

In our experience the electrocardio- 
gram in patients with hypocalcemia 
seldom shows any changes other than 
prolongation of the ST segment and 
the QT interval. Distinct ST depres- 
sion associated with rounded, diphasic, 
or inverted T waves is a very unusual 
finding in hypocalcemia and is com- 
monly seen with hypopotassemia. Actu- 
ally in several cases included in this 
series, the amplitude of the T wave 
the 
level was low. 

Electrocardiographic changes due to 
quinidine effect might be confused oc- 
casionally with those of hypocalcemia. 


increased serum calcium 


ALCEMIA 
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We have recently encountered the elec- 
trocardiograms of 4 such cases, in 
which both ST segment and QT inter- 
val were prolonged with no other sig- 
nificant the 


dosage of quinidine was more than 2 


changes. In each case, 
gm. in 24 hours and the serum calcium 
level was within normal limits. In the 
majority of cases, the differentiation 
between the quinidine effect and hypo- 
calcemia is not a problem. In cases of 
the former, there is always a_ history 
of quinidine therapy and the prolonged 
QT interval may 
widening of the QRS complex. 

Summary. (1) The 
graphic changes in 2 cases of hyper 


be associated with 


electrocardio 


calcemia and 10 cases with hypocal 
cemia are described. 

(2) With hypercalcemia the char 
acteristic findings are shortening of the 
ST segment and the QT interval. With 
hypocalcemia the ST segment and the 


QT interval are prolonged. 
changes are always seen when the 
serum calcium level increases to 15 


mg. per 100 cc. (6.5 mEq./L.) or de 
100. ce 
mEq./L.). The changes in the dura 
tion of the ST segment and QT inter 


val may serve as an important adjunct 


creases to 6 mg. per (3.0 


in the qualitative diagnosis of hvpe: 
caleemia or hypocalcemia in the ab 
sence of other electrolvte disturbanc: 

(3) There is a_ significant correl 
tion between the serum calcium lev 
and both the ST segment and the co: 
rected QT interval. 

(4) The electrocardiographic diff 
entiation between disturbances 
serum calcium levels and other con 
producing changes 


tions similar 


discussed. 
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ELECTROCARDIOGRAPHIC CRITERIA OF LEFT 
VENTRICULAR HYPERTROPHY® 


By I. Herne, M.D., M.Sc. (Med. ) 
CHIEF CARDIOLOGIST 
CHARLES F. Sacketr, M.D. 
CARDIOLOGIST 


AND 


WILLIAM SERBER, M.D. 
FORMERLY CHIEF RADIOLOGIST 


(From the Cardiology and Radiology Units, Medical Division, Veterans Administration 
Regional Office, Philadelphia, Pennsylvania 


Tue changes in the QRS complex tempts to define more specifically thes: 
associated with left ventricular hyper-  electrocardiographic criteria of LVH 
trophy (referred to as LVH) include: Gubner and Ungerleider? proposed that 
(1) in the standard limb leads, high LVH is present if the sum of R, and § 
voltage of R,; and 8.7; (2) in the uni- exceeds 25 mm., which was the maxi 
polar limb leads, high voltage of RaVL. mum value they found in 99% of 460 
in horizontal hearts and high voltage normal individuals with left axis di 
of RaVF in vertical hearts'; (3) in the  viation. Sokolow and Lyon" in a stud) 
precordial leads, high voltage of R in of 151 normal individuals found th 
leads from the left precordium, high following maximum amplitudes: R, 
voltage of S in leads from the right 26 mm.; Ry, 22 mm.: the sum of R 
precordium, and prolongation of the or Rysg, and Sy;, 35 mm.; RaVL, 10 


time of onset of the intrinsicoid deflec- mm., and the maximum time of onset 
tion in leads from the left precord- of the intrinsicoid deflection in V; and 
ium!*:!®, There have been several at- V,. 0.05 seconds. Observing that thes 


TABLE 1.—~ELECTROCARDIOGRAPHIC (QRS) CRITERIA OF LVH 


Deseri ption Symbol 

1. Sum of amplitude of R; and S; equals R, +5 25 or 
25 mm. or more 

2. Amplitude of RaVL exceeds. 11 mm RaVL > 11 

3. Amplitude of Ry; exceeds 26 mm. Ry; > 26 

+. Amplitude of Rys exceeds 26 mm Rys > 26 

5. Time of onset of intrinsicoid deflection ID V5.6 > 0.05 
in V; or Vs exceeds 0.05 sec 

6. Sum of amplitudes of Rys or Rvs and Ryse + Sv; > 35 


Sy; exceeds 35 mm 


* Based in part on portion of thesis submitted by Dr. Heine to the Faculty of the Grad 
School of Medicine of the University of Pennsylvania, toward the requirements for the d 
of Master of Medical Science (M. Sc. (Med.)) for graduate work in Internal Medicine 
Reviewed in the Veterans Administration and published with the approval of the C) ief 


Medical Director. The statements and conclusions published by the authors are the resul! of 
their own study and do not necessarily reflect the opinion or policy of the Veterans \d 
ministration. 
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values were frequently exceeded in a 
group of 147 patients “whose electro- 
cardiograms were abnormal and_ in 
whom a cardiac disorder capable of 
producing increased strain on the left 
ventricle was present,” Sokolow 
and Lyon" listed for the QRS complex 
the criteria of LVH shown in Table 1. 

Our purpose in this study was to 
evaluate the sensitivity specific- 
ity of these criteria of LVH proposed 
by Sokolow and Lyon. In a consecutive 
series of cases, we assayed the electro- 
cardiographic criteria against the diag- 
nosis of LVH as made by non-elec- 
trocardiographic standards, that is, 
teleoroentgenographic evidence of LVH 
in the presence of an etiological factor 
for LVH. We also studied the influence 
on the criteria of the electrical position 
of the heart and the age of the patient. 
\bnormalities of ‘ST-T are associated 
frequently with LVH** and in- 
cluded by Sokolow and Lyon’ as cri- 
teria of LVH. Since such abnormali- 
ties of ST-T occur under many other 
circumstances, however, we did not 
consider them as primary criteria of 
LVH in this study. 


Material and Method of Study. The car- 
liac evaluations of 1064 consecutive male 
eterans were reviewed. The studies in- 
luded the clinical examination and a_tech- 

satisfactory teleoroentgenogram and 

ctrocardiogram. In each case the presence 
iny of the electrocardiographic criteria of 

YH (Table 1) was noted, and the Roentgen- 

ical classification with regard to LVH 

determined. 

MENTGEN-CLINICAL CLASSIFICATION. The 

il examinations were reviewed and the 

ing considered etiological factors 
LYVH: hypertension (blood pressure in 
s of 150/90), aortic insufficiency, aortic 
osis and mitral insufficiency. Teleoroent- 
iograms had been taken at the end of nor- 

inspiration at a target-film distance of 6 
. in the postero-anterior and in the right 
left anterior oblique positions with bar- 
| outlining the esophagus. The heart was 

nsidered enlarged when the transverse di- 
imeter was greater than 10% above the nor- 
nal value for height and weight as expressed 


in Ungerleider-Clark prediction tables!. 
Except where the right ventricle or left 
atrium appeared to be definitely enlarged, 
the increase in transverse diameter was at- 
tributed to the left ventricle. In no instance 
was a diagnosis of hypertrophy of the left 
ventricle made solely on the basis of con- 
tour (increased convexity or lengthening of 
the left border), in the absence of an ab- 
normally large transverse diameter. From the 
roentgenographic and clinical findings, the 
following Roentgen-clinical classification was 
then made: (1) LVH: both (a) roentgeno- 
graphic evidence of LVH and (b) an etio- 
logical factor for LVH; (2) possible LVH: 
either (a) or (b); (3) no LVH: neither (a) 
nor (b). 

ELECTROCARDIOGRAMS had been taken in 
the supine position with the Cambridge 
Simpli-trol Electrocardiograph Machine, 12 
leads being routine: 1, 2, 3, aVR, aVL, aVF, 
V,, Vo, Va. Vy. Vs. The instrument is 
so constructed that for the aV and V leads 
a 5000 ohm resistance was interposed in the 
wire from each extremity to the central ter- 
minal. The standardization, recorded in all 
leads, was checked (1 cm. = 1.0 mv.) and 
where necessary, the proper calibration cor- 
rection was made. All electrocardiograms 
were analyzed for the presence of any of 
the QRS criteria of LVH enumerated by 
Sokolow and Lyon!2 (Table 1). The ampli- 
tudes of the R and S waves were measured 
from the top and bottom of the baseline, re- 
spectively, to the highest or lowest point of 
the deflection. The average measurement of 3 
complexes was recorded. The time of onset 
of the intrinsicoid deflection was measured 
from the onset of the QRS to the peak of the 
R wave. In addition, notation was made of 
ST-T abnormalities (ST segment depression 
and/or flattening to inversion of T waves). 
For each electrocardiogram, the electrical 
position of the heart!® was recorded. There 
were deleted from further consideration all 
cases in which the electrocardiographic con- 
figuration might disturb the patterns upon 
which the criteria of LVH are based: namely, 
myocardial infarction, bundle branch block. 
intraventricular conduction defect (QRS 
duration 0.11 seconds or more), complete 
auriculo-ventricular block, right ventricular 
hypertrophy. and aberrant  auriculo-ventri- 
cular conduction Wolff-Parkinson-White 
Syndrome ). 

Of the original 1064 cases, 139 were ex- 
cluded because the electrocardiographic or 
roentgenographic configurations _ interfered 
with the diagnosis of LVH. There remained 
for detailed analysis 925 cases, which pre- 
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sented the following Roentgen-clinical diag 
LVH, 149 cases: possible LVH,. 505 
cases; no LVH, 271 cases. Of those with pos 
sible LVH, 492 cases were so classified be- 
cause they had only an etiological factor for 
LVH. The 13 had an ab- 
normal transverse diameter but no etiological 
factor. Of the 271 cases with no LVH. 248 
had of heart and 28 
were instances of isolated mitral stenosis. 


noses 


remaining cases 


no evidence disease 


Results. The incidence of each elec- 
trocardiographic criterion of LVH and 
its correlation with the Roentgen- 
clinical diagnosis of LVH are shown 
in Table 2. 

SENSITIVITY Criteria. inci- 
of each electrocardiographic 
criterion of LVH with reference to the 


OF 
dence 


TABLE 2.—INCIDENCE OF ELECTROC 
CORRELATION WITH ROENTGEN 


LI 

Number Cases 149 ¢ 

with Criterion 
Positive 


(Criterion Number 


R Ss 25 or 
Ravi 11] $4 28 
Ry 26 78 58 
Ry, 26 39 37 
ID \ 0.05 2] 7 
Ry Sy; > 35 170 106 


* 


149 cases of LVH 
diagnosis) was considered a measure 
of that criterion. As 
noted in Table 2: the highest sensitiv- 
ity was exhibited by Ry; «+Sy; >35 
which was positive in 106 (71%) of the 
149 cases with a Roentgen-clinical diag- 
nosis of LVH. ID V-;. >0.05 displaved 
the lowest sensitivity (11%). Of the 180 
cases in which any 1 or 
criteria were posititive, Ry; «4 


(Roentgen-clinical 


of the sensitivity 


more of the 
Sy: >35 
was positive in 170 instances, which is 
further indication of the sensitivity of 
this criterion. 4 
SPECIFICITY OF CriTERIA. The inci- 
dence of each electrocardiographic cri- 
terion with reference to the 271 cases 


LEFT 


Pe ree nt* 
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of no LVH was considered a measure 
of the lack of specificity of that. cri- 
terion. All criteria displaved a high de- 
of 


gree specificity. Only Rys.« + Sv 


‘35 was associated in any instance 


with a Roentgen-clinical diagnosis of no 
LVH and this in only 4 (1.5%) of 271 
the the 


sensitivity one 


cases. Thus. criterion with 


highest was the only 
that showed less than complete specifi- 
citv. In none of these 4 cases were 
there any other electrocardiographic 
abnormalities, nor was there any clini- 
or roentgenographic evidence of 
heart disease. 

ELECTRICAL The 


POSITION criteria 


ARDIOGRAPHIC CRITERIA OF LVH AND 
CLINICAL DIAGNOSIS IN 925 CASES 

Roe ntge n-clinical Diagnosis 
H Possible LVH Vo LVH 
HOS Cases 271 Cases 


Vumber Number  Percent* 


Pe reent* 


Percent of cases with respective Roentgen-clinical diagnosis 


19 6 12 0 0 
19 6 12 0 0 
$9 20 $ 0 0 0 
25 ? 0 0 
11 0 0 
71 60 12 l 
R,+S,—25 or >and RaVL > 11 (whic! 


were usually positive in the 
tients) appeared only in 
with hearts in the horizontal or semi 
horizontal position. This distribution 


same p 
association 


not unexpected, inasmuch as the hor 
zontal position tends to make for 
tall R in aVL and for a deep S in 
If only the 60 cases of LVH with ho 


zontal 


semi-horizontal 


or heart po 
tions are considered, the sensitivity 0! 
both R,; + Sz 25 or >and Ra\! 


-11 was 45%. The criteria Ry; >26 and 
proportion of cases with hearts in t'\ 

semi-vertical and vertical positions tl. 
the other positions. Ry; «+ Sy; ) 


-26 were positive in a higher 


4 
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occurred in a high percentage of cases 
with all heart positions. 

Limb lead criteria for hearts whose 
electrical tend toward the 
vertical were not proposed by Soko- 
low and Lyon'*. Goldberger! had _ in- 
dicated that 20 mm. should be con- 
sidered the maximum normal ampli- 
tude of the R wave in aVF, and that if 
this figure is exceeded LVH is present. 
Sokolow and Friedlander! also found 
20 mm. to be the maximum normal 
value for RaVF. The amplitude of 
RaVF in our 149 cases with a Roent- 
LVH  ex- 
ceeded 20 mm. in only 2 cases. This 
represented 1.37 of the entire group of 
149 cases with LVH, and 6% of the 36 
cases with LVH in which the electri- 
cal position was vertical or semi-ver- 
tical. In both of these cases the cri- 
terion Ry; >26 was also positive. 

Ace. The criteria R, +$,—25 or >and 
RaVL, >11 occurred primarily in the pa- 
tients over age 40. On the other hand 
the >26 and Ry, >26 
showed their highest incidence in the 
group under age 40. + Sy, >35 
occurred in a high percentage of cases 


positions 


gen-clinical diagnosis of 


criteria Rys 


of all ages. 

It is of interest that in the 149 pa- 
with a Roentgen-clinical diag- 
iosis of LVH the heart positions tended 
toward the vertical in the younger pa- 
ients and toward the horizontal in the 
ider patients, a trend which is well 
ecognized in normals. Semi-horizontal 

id horizontal heart positions occurred 

trequently in those under age 40 (in 

'y 5, or 11% of 47 cases in this age 

up 

ST-T Apnormatities. Of the 144 pa- 
with a Roentgen-clinical diag- 
losis of LVH who were not taking 
ligitalis, 54 had one or more of the 
2RS criteria of LVH along with ST-T 
‘bnormality, 57 had only QRS criteria 
positive, and 6 had only ST-T abnor- 
nality. The remaining 27 had normal 


tients 


ents 
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clectrocardiograms. The high incidence 
of cases with positive QRS criteria but 
without ST-T abnormality is note- 
worthy. 

Discussion. Some of the differences 
in the incidence of the electrocardio- 
graphic criteria of LVH in this study 
and in that of Sokolow and Lyon’ 
(Table 3) may be related to the man- 
ner in which the cases were selected. 
Sokolow and Lyon described the fea- 
tures of the electrocardiograms of a 
group of patients “whose electrocardio- 
grams were abnormal and in whom a 
cardiac disorder capable of producing 
increased strain on the left ventricle 

was present”. From a comparison 
of these features with the normal they 
derived their criteria of LVH. We, on 
the other hand, in a series of consecu- 
tive cases, have evaluated their pro- 
electrocardiographic — criteria 
against non-electrocardiographic 
criterion against a non-electrocardio- 
graphic (Roentgen-clinical) diagnosis 
of LVH. Recognizing that an increase 
in the transverse diameter on the teleo- 
roentgenogram does not always indi- 
cate the presence of LVH, we have ex- 
cluded cases in which chambers other 
than the left ventricle could account 
for the enlargement, and have required 
the presence of an etiological factor 
for LVH to establish the Roentgen- 
clinical diagnosis of LVH. Since LVH 
may be present without an increase in 
the transverse diameter above the nor- 
mal range, we have considered as pos- 
sible LVH all cases in which an etio- 
logical factor for LVH was present 
Contour alone was considered too sub- 
jective a basis for making the diagnosis 
of LVH. 

The greater incidence of high volt- 
age in the precordial leads in our se- 
ries may be related to the fact that 
the original basis for selection of cases 
by Sokolow and Lyon did not include 
high voltage'’. The relatively low in- 


posed 


) 
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cidence of delayed onset of the intrin- 
sicoid deflection in our study may have 
two explanations: (a) the 
material of 
cases with advanced LVH: (b) our ex- 
clusion of with electrocardio- 
grams whose total ORS duration was 
0.11 sec. or more, as possibly indicating 
an intraventricular conduction defect. 
The upper limit of QRS duration con- 
sidered by Sokolow and Lyon'® to in- 


LVH 


conduction 


possible 


lower incidence in our 


cases 


not 
was 


and intraventricular 
defect “0.12 seconds 
in the absence of slurring of the QRS 


dicate 


TABLE 3 
OF LVH IN THIS STUDY 


This Study 


LEFT 


COMPARISON OF INCIDENCE OF ELECTROG 
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adults with normal hearts by physical 


and For Rys, 


they found the average amplitude was 


Roentgen examination. 
17.0 mm. in 58 autopsy proved cases 
of LVH, autopsy 
proved normal hearts and 14.1 mm. in 
the 50 normal male adults. They ex- 


mm. in 


pressed the opinion that “differentia- 
tion between pattern of LVH and ‘of 
normals could not be made from the 
and Vy 


values were 


amplitude of R waves in V; 
the 
only slightly higher in the former.” It 


alone since average 


is Our impression from examination ot 


ARDIOGRAPHIC CRITERIA 


AND IN THAT OF SOKOLOW AND LYON 


Sokolow and Lyon 


149 Cases 147 Cases 
Criterion Number Percent Number Percent 

R, +8 25 or > 28 19 26 18 
RaVL > 11 QS 19 33 22 
Ry, > 26 58 39 29 eo 
Rvs > 26 37 25 

ID > 0.05 17 11 52 
Rysse + Sv; > 35 106 71 $8 33 
ST-T Abnormal 60 $2* 136 98 


Percent of 144 cases 


complex and a ventricular activation 
time of less than 0.08 seconds in the 
left precordial leads.” Furthermore, the 
presence of ST-T abnormalities plaved 
no part in the selection of our cases, 
although it did in those of Sokolow and 
Lyon. 

The only other observations which 
we have found of the diagnostic value 
of high amplitude of R in the left pre- 
cordial leads, are those presented in 
abstract form by Noth, Myers and 
Klein’. workers® found the 
average amplitude of Ry, to be 16.2 
mm. in 84 pathologically proved cases 
of LVH without associated myocardial 
infarction or appreciable gross fibrosis, 
9.2 mm. in a control series of 52 cases 


These 


in which the hearts were normal at au- 
topsy, and 10.5 mm. in 50 young male 


omitting 5 cases who had been taking digitalis 


this detailed data, that there may well 
be significance in their greater value 
for the average amplitude of Ry; and 
Rys in the hearts with left ventricula 
hypertrophy, particularly when con 
pared with the autopsy proved norma 
hearts. 

Certain considerations suggest. th 
one should be cautious of the too rigi 
application of the ORS criteria unde: 
discussion. First, there may be exce) 
tions to the maximum normal values 
stated by Sokolow and Lyon. Th 
Gubner and Ungerleider* did find tht 
in 1% of normals, R,; + S, was in ¢ 
cess of 24 mm. Schack, Rosenman ard 
Katz® gave a maximum normal val 
for RaVL of 12 mm. Kossman and Jo 
ston®* have reported amplitudes of | 
up to 33.0 mm. in normals and \ 
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quero et al.’* up to 28.4 mm. Also, in 
our data, Rys.« + Sy; exceeded 35 mm. 
in 1.5% of the normals. 

Second, age influences the maximum 
normal voltage of and as noted 
by Vaquero et al."* (whose series of 500 
normals is the largest available in the 
literature). The maximum amplitude 
of Ry. for adults under age 40 was 
25.4 mm., in the decade 40 to 50 it was 
20.7 from 50 to 60, 17.0 mm. 
Likewise, the maximum amplitude for 
Ry. for adults under 40 was 24.4 mm.. 
in the decade 40 to 50 it was 19.0 mm.. 
ind from 50 to 60, 15.5 mm. This de- 
creasing maximum normal amplitude 


of Ry; and Rye with increasing age 
suggests that the criteria related to 
high voltage in the precordial leads 


should be interpreted more conserva- 
tively in vounger individuals and more 
liberally in older ones. The above data 
iso may furnish the explanation for 
the higher incidence of Ry; >26 and 
Ry,y >26 in the younger age group in 
our results, since the higher normal 
unplitudes in these individuals would 
low the value of 26 mm. to he more 
readily exceeded. The normal ampli- 
tudes in children are much higher than 
1 adults and the criteria under discus- 
ion cannot be applied to children. 

Third, QRS voltage depends not 
nly on age but on the electrical con- 

ictivity of the and the dis- 
ince of the electrode from the heart. 

us emphysema and obesity will re- 

't in diminished voltage. On the 

er hand, a thin chest wall results in 

voltage. The criteria for voltage 

iid be interpeted more liberally in 

presence of emphysema and a 

hick chest wall and more conserva- 

ely if the subject has a thin chest 
vall. 

Fourth. proper technique of record- 
ng the electrocardiogram is essential 
vith regard to standardization. damp- 
ing and electrode placement. Thus, if 


tissues 
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for V; and V, the precordial electrode 
is placed too far medially, the ampli- 
tude of R will often be unduly high, 
and if too far laterally the amplitude 
of R will usually be too low. 

Fifth, the results in this study were 
obtained with a string galvanometer 
with photographic recording. Many of 
the direct writing electrocardiographs 
do not vield deflections which are pro- 
portionate to the voltage, especially 
with large deflections. Also, the curvi- 
linear motion of the stylus in many such 
machines makes difficult accurate 
measurement of the time of onset of 
the intrinsicoid deflection. 

With the exception of Ry« >26, all 
the criteria for voltage are set 1 mm. 
above the maximum normal value. For 
however the maximum normal 
value found by Sokolow and Lyon'™ 
was 22 mm. so that the criterion Ry« 

-26 should be quite rigid. That this 
is so is suggested by the fact that of 
our 39 patients with Ryg >26, 37 had 
actual roentgenographic evidence of 
cardiac enlargement. 

Since it is recognized that ST-T ab- 
normalities of the tvpe frequently as- 
sociated with LVH also occur in other 
conditions, we did not deem it advis- 
able to analyze them as specific criteria 
of LVH. We do feel, however, that 
ST-T abnormalities help in the inter- 
pretation of the electrocardiogram in 
cases where the QRS voltage or time 
of onset of the intrinsicoid deflection 
is borderline. Here the differentiation 
that has to be made is between a nor- 
mal pattern and one that is diagnostic 
of LVH. The added presence of ST-T 
abnormalities makes it more likely that 
the tracing is abnormal, and, therefore, 
that the borderline ORS measurements 
are indicative of LVH. The data prev- 
iously presented, however, point out 
that LVH is frequently present with 
ORS changes alone,.in the absence of 
ST-T abnormality. 
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The results of our present study do 
not furnish a basis for conclusions re- 
garding the relative sensitivities of the 
electrocardiographic and 
graphic diagnosis of LVH, inasmuch 
as the latter was used as a standard for 
evaluating the former. 

Summary and Conclusions. 1. The 
electrocardiographic (ORS) criteria of 
LVH proposed by Sokolow and Lyon 
terms of the 


LVH 


evidence — of 


roentgeno- 


have been evaluated in 
Roentgen-clinical diagnosis of 
( teleoroentgenographic 
LVH in the presence of an etiological 
factor tor LVH),. 

2. The criteria R,-+S. 
RaVL 


tive in the same patients ) occurred only 


25 or > and 


-11 (which were usually posi- 


when the heart position was horizontal 
or semi-horizontal, and much more fre- 
quently in patients over than under 
age 40. 

3. The criteria based on high ampli- 
tude in the precordial leads were more 
sensitive than those based on high 
amplitude in the limb leads. Ry; >26 
and Ry, >26 showed their highest as- 
sociation with vertical hearts and pa- 
tients aged under 40. In evaluating high 
amplitude in the precordial leads, one 
must consider the normal decrease in 
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amplitude with increasing age, the 
effect of body build, and the correct- 
ness of technique. Ryg >26 is a more 
rigid criterion than Ry, >26 since nor- 
mally Ry« is smaller than Rys. 


1, 35 was the most 


sensitive criterion being positive in 71% 
of the 149 cases with a Roentgen-clini- 


eal diagnosis of LVH. infre 
quently was this criterion negative 
when anv of the other criteria were 


positive. Rys«¢+-Sy; >55 is not as spe 
cific as the other criteria, however, be- 
ing positive in 1.5% of the 261 
with no LVH. 

5. ID (time of 
deflection) V- 


lowest sensitivity 


Cases 


onset of intrinsicoid 
0.05 displaved the 
This mav be related 


to the possible exclusion from this 


study of many cases with advanced 
LVH. 

* 6. Differences in the incidence of the 
criteria in our series and in that of 


Sokolow and Lyon may be related t 
the differences in the manner of cass 
selection. 

7. The occasional finding by other: 
and ourselves of certain of the criteri 
in normal individuals should lead on: 
to be cautious of their too rigid ap 
plication. 
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THE CLINICAL EFFECTIVENESS OF CERTAIN OF THE 
HYDROGENATED ALKALOIDS OF ERGOT IN PERIPHERAL 
VASCULAR DISORDERS*® 
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CLINICAT 


Krom the University of 


work of Rothlin'’'! and his col 


laborators has shown, in animal experi- 


ments, that dihydroergocornine, diliv- 
droergocristine and dihydroergokryp- 
tine, which when combined in equal 
irts constitute Hydergine (CCK-179), 
ire all effective in the production of 
peripheral vasodilatation. Barcroft et 
al.’ have demonstrated peripheral dil- 
itation in man without decrease in 
pressure in normotensive  indi- 
viduals but with marked depression of 
blood pressure in subjects with hyper- 
tension. Goetz and Katz*, Kappert® and 
thers have demonstrated a wide mar- 


blood 


fin of safety for these drugs in human 
subjects. and have shown that they are 
better tolerated and less toxic than their 
‘tural non-hydrogenated counterparts. 
i addition to their peripheral sympa- 
thicolytic action and resultant vasodil- 
tation, the hydrogenated alkaloids 
hich comprise Hydergine appear to 
ive a central action, through the vaso- 
otor center* which is mani- 
a decrease in vascular tone. 
the present study the vasodilating 
tion of Hydergine (CCK-179) has 
en investigated in a series of patients 
ith peripheral vascular diseases. 


sted by 


INSTRUCTOR IN 


Colorado School of 


PHYSIOLOGY 


Medicine, Denver, Colorado) 

Methods. The Hydergine (CCK-179) used 
in this study was in the form of l-mg. tab- 
lets; each tablet contained equal parts of 
the 3 hydrogenated alkaloids men- 
tioned above. The dosage used varied from 
0.5 mg. to 2 mg., administered orally 3 to 4 
times per day. There is presented herein an 
evaluation of the results of treatment with 
oral Hydergine of 72 cases of various periph 
eral The basis of evalu- 
ation was primarily clinical in most, and was 
based upon the effects of the drug on sub- 
jective peripheral intermittent 
claudication, discomfort, 
pain and the general well-being of the pa- 
tient. All patients, except those with acute 
thrombophlebitis, have been followed for at 
least 6 months, and some for as long as 22 
months. 


ergot 


vascular diseases. 


temperature, 


ulcerative lesions, 


The total clinical response to the drug in 
each particular — case designated — as 
“marked” essentially complete _ relief 
of symptoms and complete healing of ulcers 
were noted, as “moderate” 
disturbing symptoms 
duced, as “slight” 
improvement 


was 
hen 


when the most 
significantly re- 
some degree of 
noted but the improve- 
ment was less than in the 2 categories listed 
above, and as “none” when the patient’s con- 
dition remained essentially unchanged. 


were 
when 
Was 


Results. The results of oral treatment 
with Hvdergine (CCK-179) in arterio- 
sclerotic peripheral vascular disease, 
thromboangiitis obliterans or Buerger’s 
Disease, Raynaud's syndrome, acute 


* Supported by grants from the Sandoz Pharmaceutical Company and the Office of Naval 


heseare h 


Present address: The Lovelace Foundation, Albuquerque, New Mexico. 
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thrombophlebitis and chronic venous 
insufficiency are summarized in Table 1. 
ARTERIOSCLEROTIC PERIPHERAL VAS 
CULAR Disease. Thirty-five patients (26 
male and 9 female) with arteriosclero- 
tic peripheral vascular disease have 
been studied (Table 1). Twelve patients 
had intermittent claudication, only 4 
of whom showed improvement. Eight 
had diabetes mellitus and it was of in- 
terest to note that Hydergine did not 
disturb the control of their diabetes. 
There 6 patients had 
ulcerative lesions. All lesions 
healed. The ulcers of 4 patients healed 


were who 


these 


ig. 


within 6 weeks (examples: Case 1, F 


1). another healed within 8 weeks; and 
PABLI RESULTS OF ORAL TREATMENT 
WITH PERIPHERAL 
\ 
D (as ly R \ 
Arteriosclerosis 
Buerger’s Disea 1 
Raynaud's Syndrome y 
Acute 
Phrombophlebitis 13 
Chronic Venous 
one ulcer (Case 2. Fig. 2) which was 


5 by 5 cm. in area, and had been gradu- 
ally increasing in size for 9 months at 
the time treatment was begun, required 
6 months for complete healing. The pa- 
tients with ulcerative lesions were 
treated as ambulatory cases, and_us- 
tally granulation at the margins of the 
lesion began within 1 to 3 weeks after 
treatment was started. 
THROMBOANGIITIS OBLITERANS. Six 
cases of thromboangiitis obliterans, or 
Buergers disease, all in males, have 
been studied (Table 1). All of 
patients showed improvement. One of 
the patients had been hospitalized for 
determination of 
preparatory to amputation of his toes 
when treatment with Hydergine was 
started; he improved rapidly and with- 
in 2 months he was back at work with- 
out the loss of any tissue. Two patients 


these 


demarcation lines 


PERIPHERAL VASCULAR DISORDERS 


had intermittent claudication which 
was much improved; a sympathectomy 
had been done on one of them in 1947. 
One patient who had sympathec- 
tomy 


one and 


one-half years be- 
fore institution of Hydergine therapy 
had an ulcer which healed under treat- 
ment with the agent. This patient is 
at work, and 
healed 18 months after treatment was 


now the ulcer remains 
started. 

RaYNAupDS SYNDROME. Eight cases of 
Raynaud's syndrome, all females, have 
treated (Table 1). Only pa- 
tients showed improvement. The ap- 
parent of Hvydergine 


CCK-179) in a specifically Vasospas- 


been 3 


ineffectiveness 


WITH HYDERGINI 
VASCULAR 


DISORDERS 


IN PATIENTS 


tic disease is similar to that reported 
for other methods of treatment. 

AcUTI Thirtee: 
patients, 8 females and 5 males. wer 
treated (Table 1) for short intervals o 
time during episodes of acute throm 
bophlebitis. A total of 9 patient 
showed some improvement during th 
course of treatment with Hydergin 
(CCK-179). It was difficult to deter 
mine whether the improvement. w 
due to the Hydergine or not, althou; 
5 of these patients had such a degr 
and such rapidity of improvement 
their pain and swelling that at léast 


THROMBOPHLEBITIS. 


some benefit may have followed tl 
use of the drug. 
CHRONK VENOUS INSUFFICIEN 


There were 10 patients treated, 3 ma 
and 7 females (Table 1). All show 
improvement of at least some degi 
The healing of the 


chronic uk 


Tot 
( 
} 
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1 (Case 1) A) Stasis type of dermatitis of the left foot; B) Dermatitis and ulcer of the 
reat toe, both on right foot; C) Ulcer and dermatitis after 3 weeks on Hydergine therapy; 
D) After 18 months of continuous treatment with Hydergine (1 mg. t.i.d., a.c.). 


a 
| 
/ 
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Example: Case 3, Fig. 3) of 5 patients 
in 6 weeks is the best objective evi- 
dence of beneficial action of Hyder- 
(CCK-179). Improvement in the 
amount of edema seemed to be defi- 
nitely related to the use of the drug, 


gine 


since in several of the patients no other 
treatment, such as elastic supports, or 
elevation, was instituted and if in use 
was not altered. 

Discussion. A considerable volume of 
published literature has indicated that 
the hydrogenated derivatives of ergo- 
cristine, ergocornine and ergokryptine 
individually, or in combination (Hy- 
dergine) tend to promote peripheral 
vasodilatation! Furthermore, and 
in contrast to some other sympathetic- 
blocking the indi- 
cates that Hydergine has 3 modes of 
attack: a) diminishing of 
peripheral adreno-sym- 
pathicolytic activitv®* and c) direct 
(primary and manifest) dilator activity 


agents, evidence 
vasomotor 
tone” 


on the smooth muscles of vessel walls 
1.12. Qn the basis of these vasodilating 
effects, demonstrated in other studies, 
the present investigation insti- 
tuted in an attempt to evaluate the 
clinical or practical usetulness of Hy- 
dergine in peripheral vascular disease. 


Was 


The clinical evaluation of any medi- 
difficult, particularly in a 
disease in which 
that cannot be 
trolled, as in peripheral vascular dis- 
eases. The results in this investigation 


cation is 
chronic there 


many 


are 


variables con- 


were evaluated primarily by subjective 
Oscillo- 
metric and skin temperature measure- 
ments would have been helpful, but 
patients 


and objective observations. 


excellent 
subjective improvement without altera- 


since many show 
tion in the direct measurements, these 
determinations were not considered to 
be of great value’. Though more ob- 
jective measurements have been made 
evaluating 
various therapeutic measures per- 


by most investigators in 
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ipheral vascular diseases, they have us- 
ually been made only in regards to the 
immediate effect of the measure upon 
the peripheral circulation. 
continuous observations regarding the 


Prolonged 


effectiveness of a therapeutic measure 
have necessarily usually been limited 
the 
patient and objective observations of 
the investigator. 


to subjective changes noted by 


Because of the importance of objec- 
live evidence, particular significance is 
attached to the healing of the ulcera- 
tions of vascular origin which had been 
present for several months in 12. pa- 
tients. The management of these pa- 
tients altered 
except by the addition of Hydergine 
and, where the ulcer was large, the use 


was not. in general, 


of vaseline-gauze dressing. The ulcers 
of all but 4 of these patients were 
healed within 2 months. While it. is 
admitted that all ulcerative lesions due 
to peripheral vascular disease may not 
granulate and heal with oral Hyder 
gine therapy, the success in the 12 
cases studied seems to offer strong evi- 
dence that the drug promotes vasculat 
itv in ischemic areas of the skin. 

The percentage of improvement ir 
the constitutes 
a high proportion of favorable results 
considering the serious nature of the 
pathology. Our findings of 66% marke« 
and 
slight improvement agree closely wit! 
the reports by Popkin*” that his arter 
osclerotic 
CCK-179 showed in 
provement in 72% of the cases. The r 
sults of Kappert and Hadorn’ in 2 
arteriosclerotic and 3 diabetic patient 


arteriosclerotic group 


or moderate improvement 


treated with or: 


( Hydergine ) 


patients 


seem to be essentially the same as ou 
namely, 82% “good” and “fair” respons: 
Hydergine was used in 16 of the 
Cases. and another ot the 
dividual alkaloids in the remaining 
interest to note that « 
results appear to be comparable 


one or 


It is also of 


~ 

. 
~ 
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those produced by sympathectomy; De 
Bakey. Creech and Woodhall? have re- 
cently stated, “The best results (with 
svinpathectomy ) were obtained in pa- 


tients with the least severe disease. 
over showing definite improve- 
ment. 


All of the patients with Buerger’s 
Disease or thromboangiitis obliterans 
showed improvement. Since there were 
only 6 patients, this rate of improve- 
nent is not statistically significant, but 
could be expected because of the high 
percentage of improvement in this dis- 
reported by others'*". The one 
patient with a chronic ulcerative lesion 


ease 


present for | year had rapid healing, 
and this seemed to be good objective 
evidence of the beneficial action of Hy- 
dergine. 

The relatively poor results the 
patients with Raynaud’s Syndrome is 
similar to the reports of Popkin* and 
is perhaps to be expected on the basis 
of generally poor response to all forms 
of treatment. The prominence of emo- 
tional factors in Raynaud's syndrome 

creases the difficulty of 
iny therapy. 


evaluating 


There can be no conclusions drawn 
trom the treatment of acute thrombo- 
phlebitis, but in the treatment of 
hronic venous insufficiency there was 
evidence of improvement effected by 
livdergine (CCK-179). The 5 patients 
vith ulcerative lesions showed healing 
juite rapidly after beginning the drug. 
ulcers and 
catment was not altered in any way. 
would appear that this healing was 
least in part a response to the vaso- 
lating effect of Hydergine. Most of 
the patients believed that there was re- 
the amount of 
tinding reported by others. 

The side effects or toxicitv to Hvder- 
ne (CCK-179). have been minimal. 
Only one case had clear-cut toxicity. 
This consisted of and 


nce these were chronic 


uction in edema, a 


nausea some 
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when the dosage in- 
creased from /s mg., 3 times a day, to 1 
mg. 3 times per day. This patient, how- 
ever, had symptomatic relief on 2 meg.. 
3 times per day. One patient who had 


had episodes of dizziness and some 


vomiting 


vertigo noted that this was aggravated 
by 1 mg. three or four times per day. 
He received little benefit from % mg. 
3 times per day. One highly emotional 
woman complained of mild dizziness 
on 1 mg. three times per day. All the 
remaining patients in this report noted 
no side effects even after specific ques- 
tioning. 


Case Reports. Case 1. ( Arteriosclerotic UI- 
cer). T.S., a white male, age 74, had a_his- 
tory of diabetes mellitus for 12 years, severe 
enough to require over 100 units of insulin 
per day. He had also experienced a myo- 
cardial infarction 9 vears previous to admis- 
sion. Recently he had developed a stasis type 
of dermatitis of both his feet, and an ulcer 
on the internal aspect of the right great toe, 
as illustrated in Fig. 1, A. He stated that the 
ulcer originally developed from small 
vesicle. Elevation of the feet produced mod- 
erate pallor, and placing them in a dependent 
position resulted in 
were 


evanotic rubor. Pulsa- 
present but were reduced in 
posterior tibials and left dorsalis pedis, absent 
in right dorsalis pedis. No improvement of his 
lesions (dermatitis or uleer) resulted from 
one month of confinement in the hosnital with 
careful regulation of his diabetes. It should 
be noted that the picture produced in Fig. 1, 
A. was taken at the end of this initial “con- 
trol” period. 


tions 


Treatment consisted of : mg. of Hydergine 
for 8 days followed by mg. 
t.id., a.c., (permanent) ther- 
apy. The improvement after 3 weeks of treat- 
ment with Hydergine is indicated in Fig. 1, 
B and C. At the end of 6 weeks the ulcer 
had completely healed. During the succeed- 
ing 8 months of treatment the feet have re- 
mained in good condition as is shown in Fig. 
1, D, taken at the end of this time. 

Case 2. Ulcer). J. R., a 
white male, age 67, had complained for sev- 
eral years of intolerance to cold which neces- 


as continuous 


( Arteriosclerotic 


sitated the wearing of wool socks in cold 
weather. A small lesion was present above 
the left lateral malleolus, which con- 


tinued to enlarge over a period of 9 months. 
Posterior tibial pulsations could not be pal- 
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Fic. 2 (Case 2) A) Arteriosclerotic ulcer before treatment with Hydergine B) After 6 weet 
of Hydergine therapy; C) after 6 months of treatment; D) After complete healing 
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Case 3) A and B) Varicose ulcers of right and left legs respectively before beginning 
ent with Ilydergine; C and D) after 3 months of Hydergine therapy. Improvement in 
the dermatitis, as well as granulation of the ulcers. is apparent. 
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pated and the pulsations of the dorsalis pedis 
artery were only very faintly palpable. There 
was minimal cyanotic rubor of the toes when 
they were placed in a dependent position 

The treatment of this patient was on an 
ambulatory basis. He was given l-mg 
tablet of Hydergine (CCK-179) t.i.d., a.c., 
and his ulcer was dressed with plain vaselins 
eyuze. He noted gradual relief from coldness 
of his feet; granulation and epithelization 
ff his ulcer progressed as indicated in Fig. 2 
B, © and D. The original lesion as it 
ippeared after débridement is shown in Fig 
2.A Phe cyanotic borders of the ulcer 
which are apparent in Fig. 2,A, are no longer 
present in Fig. 2,B, which was taken after 
10 davs of treatment with Hyvdergine The ap 
pearance of the lesion at the end of 6 weeks 
of treatment and at the end of 6 months, 
respectively, are shown in Fig. 2, C and D 
At 7 months the lesion completely healed 

Case 3 Ulcer of Venous Insufficiency 
C. S.. a white female, aged 74, in addition 
to her arteriosclerosis complained of varicose 
velns which had been severe for many vears, 
ind which had been treated 2 vears previously 
by bilateral saphenous ligation. In spite of 
bed rest and conservative treatment at home, 
she had developed large painful ulcers and 
severe stasis dermatitis bilaterally. The lesions, 
as they appeared before treatment with 
Hvydergine was begun, are illustrated in Fig 
}.A and B which show the right and left legs. 
respectively. A moderately severe, soft but 
non-pitting, type of edema was present  bi- 
laterally. 

The patient was kept at bed rest.for a 
month, during which time she was given | 
mg. of Hydergine t.i.d., a.c., combined with 
application of wet boric acid dressings to 
the ulcer; this treatment was continued for 
S days and then the boric acid dressings were 
replaced by vaseline gauze for an additional 
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3} weeks as the ulcer granulated. The Hyder 
gine (CCK-179) was continued for an ad 
ditional month. There was gradual subsidence 
of the edema during the period of treatment 
Fig. 3, C and D show the lesions 3 months 
after beginning of treatment. Healing was 
complete and the dermatitis was also greatly 
improved at 4 months 


Summary: |. Hvdergine (CCK-179 
a mixture of three dihvdrogenated er- 
cot alkaloids, dihvdroergocristine. di 
hvdroergocornine and dihvdroergo 
kryptine was given to seventy-two pa 
tients with peripheral vascular disease 

2. Significant 


noted in those patients with organic 


improvement Was 


arterial peripheral vascular -disease, 
particularly those with ulcerative 
lesions, but not in those with functional 
arterial involvement 

3. There was definite improvement 
in those patients with chronic venous 
insufficiency who had ulcerative lesions 

$. Toxic or side effects were rare. 

5. It would appear that Hvydergine 
CCK-179) is a promising drug and de- 
serves further study in the therapy of 
peripheral vascular diseases. 

Since the healing of ulcerated lesions 
under treatment with Hydergine was 
good objective evidence of the effec- 
tiveness of Hydergine (CCK-179), a de- 
tailed description of 3 cases is pre 
illustrations 
showing healing which resulted from 
oral treatment with the drug. 


sented, together with 


ADDENDUM: Since submission of the manuscript. we have used the sublingual tablets. ea 


containing 0.5 mg. of Hvdergine. which are 


thought to be better absorbed 
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VITAMIN K CONTROL OF THE INCREASED 
HYPOPROTHROMBINEMIC EFFECT OF DICUMAROL IN 
CONGESTIVE HEART FAILURE 


Donn F. Covert, M.D. 
SENIOR RESIDENT, DEPARTMENT OF MEDICINE 
YOUNGSTOWN HOSPITAL ASSOCIATION 
YOUNGSTOWN, OHIO 


Tue treatment of thromboembolic 
disorders with dicumarol is receiving 
in increasingly prominent place in the 
field of medicine. Its greatest use has 
been in the treatment and prevention 
of peripheral deep vein thrombosis, in- 
tracardiac thrombosis, and pulmonary 
iid peripheral embolism which com- 
nonly occur in conjunction with the 
Patients with these 
onditions may have a considerable de- 
ree of congestive heart failure when 
treatment is instituted with the anti- 
oagulants, and it is becoming increas- 
igly apparent that a decreased tol- 
erance to dicumarol is frequently pres- 
t under circumstances. Re- 
ently Stats and Davison'® have demon- 
trated this increased hypoprothrombi- 
nie effect of dicumarol in carefully 
itrolled studies of a significant num- 

of patients with congestive heart 
iure, 
Phe 


disease. 


these 


application of anticoagulant 
to the treatment of thrombo- 
bolic disorders necessitates that the 
thrombin time be maintained with- 
| optimal range. If it is thus main- 
ed, hemorrhagic complications are 
likely to occur and any new throm- 
formation is unlikely to occur. If 
ucreased hypoprothrombinemic ef- 
is allowed to develop, hemorrhagic 
lications may appear, and if too 
rous corrective measures are then 
‘ied, the prothrombin level may re- 
to the normal range and thrombo- 
lic complications once more oc- 


rapy 


cur. If, in any manner, the dangerous 
hypoprothrombinemic effect can be 
prevented or altered so that a safer and 
predictable effect may be expected, 
then a much better application of anti- 
coagulant therapy should be possible. 
This study is undertaken to reascertain 
the pattern of response to dicumarol of 
patients with congestive heart failure, 
comparing their response to that of 
normal individuals, and, further, to 
ascertain if daily administration of 
small doses of vitamin K might bring 
about a more normal pattern of re- 
sponse in the former. 

Methods. The Quick method for de- 
termination of the prothrombin time 
was used in this study and is the 
standardized procedure in the labora- 
tories of this hospital. The whole 
plasma _ determination used ex- 
clusively. At least 3 determinations 
were done on each specimen of plasma 
and at least 2 of the resultant figures 
had to be within 0.4 seconds of each 
other before they were accepted. The 
average normal prothrombin time for 
this laboratory is 15.0 seconds with a 
‘range of + 1.5 seconds. 

For the purpose of this study a 
dicumarol tolerance test was set up. 
In this test the baseline prothrombin 
time is determined and then 200 mg. of 
dicumarol is administered to the sub- 
ject. On each of the 3 following days 
at 24-hour intervals following the ad- 
ministration of the dicumarol another 
prothrombin time determination is 

( 439 ) 
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done. This procedure will be subse- 
quently referred to as the “‘Dicumarol 
Tolerance Test.’ 

The test was begun at varying times 
of the day. In the normal subjects it 
was started at the convenient 
time. In the abnormals it was started as 
soon as the patient was deemed suit- 
able for inclusion in the series, which, 
in most instances, was shortly after 
admission to the hospital. Irrespective 
of the time the test was started, how- 
ever, every effort was made to obtain 


most 


the subsequent blood specimens at as 
nearly 24-hour intervals as was pos- 
sible. Overman, Newman, and Wright? 
performed carefully controlled studies 
and concluded that the time of day. 
the ingestion of meals, the type of diet. 
and the performance of moderate 
amounts of exercise did not. signifi- 
cantly affect the prothrombin time. 

Subjects. To the first group of 9 nor- 
mal subjects the test was given in order 
to determine the pattern of response 
occuring with the use of the single dose 
of 200 mg. of dicumarol. These sub- 
jects did not have any demonstrable 
liver or renal disease. 

The second group of 6 normal sub- 
jects was given the ‘Dicumarol Tol- 
erance Test’ along with the adminis- 
tration, at 24-hour intervals, of 8 mg. 
tetrasodium 2-methyl-1, 4-naphthohy- 
droquinone diphosphoric acid ester 
Synkayvite-Roche ), the first dose being 
given at the time of the dicumarol 
dose. All cases in this group were also 
in the first group of normal subjects. 

The third group of patients. con- 
sisted of 14 abnormal subjects. All of 
these patients were seen immediately 
on admission to the hospital and were 
assayed for possible use in the study. 
All of those selected had moderate to 
severe right heart failure. The criteria 
used included a liver enlarged beyond 
that of normal size for the patient 
under consideration, peripheral edema 
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maximal degree, and 
other signs, present to a variable intent, 
of congestive heart failure. The pa- 
tients were given 200 mg. of dicumarol 
without any other medication except 
for that used for the treatment of the 
congestive heart failure. 


of minimal to 


The fourth group consisted of 15 
abnormal subjects selected under simi 
lar criteria, but given 200 mg. of dicu 
marol plus 8 mg. of Synkayvite, the first 
dose of the latter being given at the 
time of the dicumarol dose and con 
tinued at daily intervals for the dura 
tion of the test. 

\ fifth group of 15 normal subjects 
was studied in an attempt to determine 
an optimally effective dose of vitamin 
K, that 
similar effects as the 8 mg. dose of 
Synkayvite. The optimal dose was de 
fined as one which would not depress 
the prothrombin time to a point wher 


could be used to produce 


no reaction to the dicumarol could oc- 
cur, vet an amount which would |} 
large enough to prevent the increased 
hvpoprothrombinemic effect of dicu- 
marol in congestive failure. Doses rang- 
ing from 12 mg. daily down to 1 mg 
daily were in these subjects. 

Results. In the first group of 9 nor 
mal subjects (Table 1) the average re 
sponse was 1.4 seconds. The greatest 
maximal response was 2.7 seconds. Thi 
time of the maximal response varied 
about equally between 24 hours and 4§ 
hours after the single dose of dicu- 
marol. All of the baseline prothromhii 
times were within the normal range 
except for one which was below nor- 
mal. In this group 3 subjects exper- 
ienced symptoms most likely due to the 
dicumarol, consisting of nausea, cramps 
and diarrhea. The figure of 3.0 seconds 
was chosen to represent the maximal 
expected response for the normal pa- 
tient in the ‘Dicumarol Tolerance Test 
An occasional normal patient wil! ex 
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ceed this figure slightly as is deémon- 
strated in the next group. 


In the second group of 6 normal sub- 
jects (Table 2) the average maximal 


response to 


the 


dicumarol 


1.6 


Was 


seconds. The greatest maximal response 


was 3.3 


seconds which occurred in but 


! patient. The time of the maximal re- 


sponse 


(ase 


These cases received only 200 mg. of Dicumarol on the 


averaged 48 


Baseline 


Baseline 
13.5 
14.7 
14.3 
160 
16 4 
15 0 


hours from. the 
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single dose of dicumarol. The baseline 
prothrombin times for this group were 
all within the normal range. 

In the third group of 14 abnormal 
subjects who had congestive heart fail- 
ure (Table 3), the average maximal 
response to the single dose of dicumarol 
was 7.5 seconds, and the time of maxi- 
mal response in all cases but two was 


TABLE 1 


Prothrombin Times 


24 hours hours 


15 8 16.8 
14.5 15 9 
15 1 15 1 
17 4 16.5 
7 0 IS 6 
16.9 16.9 
149 14.0 
14.0 14.0 
17.8 15.5 


Day of 


Marximum 


Maximum 
Re sponse 


2 hours in sec 


Response 

138.8 2.0 2 
16 2 
14 4 08 2 
161 0.7 
17 4 2 
16.7 1.5 
14.0 13 

16.5 2.1 


starting day of the test. 


TABLE 2 


Prothrombin Times 


hours hours 


15 4 147 
15 0 13.3 
14 7 4+ 
15.6 19. 8 
16.5 19 0 
14 4 14.8 


Marimum 
Re x ponse 


Day of 
Marimum 


>? hours in sec Response 
14.7 1.9 
14.2 0.6 2 
14.5 2 
19.0 3.3 2 
18 7 26 2 
142 0.0 2 


These cases received 200 mg. of Dicumarol on the initial day and 8 mg. of vitamin K 
on each day of the test 


14 


Baseline 


TABLE 8 


Prothrombin Times 


24 hours hours 


20.5 24.8 
Is 4 20 4 
28 2 54.0 
Ik 4 Is 4 
16.1 16.2 
21.9 33.5 
16.8 18.7 
17.5 19.2 
20.8 $3.5 
19.7 21.2 
17.8 19.3 
19.8 19.2 
23.0 30.9 
19 4 18.3 


Maximum Day of 
Response Maximum 
>? hours (in sec. Response 
23.6 4.6 2 
18.1 + 6 2 
380.0 

17.3 10 2 
16.2 0.0 
30.3 17.1 2 
15.4 $.¢ 2 
2 
28.5 18.38 2 
17 4 2.2 2 
16.6 0.7 2 
16.6 
23.7 15.1 2 
16.2 3.8 1 


These abnormal cases received 200 mg. Dicumarol on the initial day of the test. 


a- 
yt 
IS 
u 
rst 
he 
| 
ra 
143 
cts 2 143 
ne 3 
16 ‘ 
Mn 5 159 
ta 6 15 4 
ot 7 14 
12.7 
le 9 15 7 
E59 
at 
( )¢ 
he 
sed 
cu Case 
ng 
2 
6 
test 
ed 
| 48 
his Case | 
20.2 
2 15.8 
8 24 0 
17.4 
16. 6 
the 6 164 
7 15.5 
Ips 16.0 
ids 9 15 2 
10 19.0 
18 6 
12 17.7 
st 13 15 s 
15.9 


44 COVERT: 


at the 48-hour test following the initial 
dose of dicumarol. Seven subjects 
(50%) had baseline prothrombin times 
which exceeded the normal range. Nine 
of the subjects (64%) exceeded the 
maximal expected response. 

In the fourth group of 15 abnormal 
subjects (Table 4) who received daily 
doses of vitamin K along with the di- 
cumarol, the average maximal response 
was 2.3 seconds and the time of re- 
sponse after the single dose of dicu- 
marol was about equally divided be- 
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standard amount of deviation expected. 

The group of normal subjects to 
whom vitamin K was given along with 
the dicumarol shows an average re- 
sponse which is equal to, if not very 
slightly greater than, the response ob- 
tained in the normal subjects given 
dicumarol alone. The findings in this 
group suggest that in normal indi- 
viduals vitamin K is present in ade- 
quate amounts, and any additional 
vitamin K does not affect the ‘Dicu- 
marol Tolerance Test’. 


TABLE + 


Prothrombin Time 


(ase Baseline ?4 hours hours 
] 13.8 14.0 14.7 
2 17.6 19 4 19.6 
8 15.6 16.9 15.2 
$ 15 4 16.6 17.0 
5 15.0 15.7 18.1 
6 21.6 22 6 
7 13.9 15.4 16.7 
Ss 24.3 33.9 $0.1 
9 13.2 14.2 18.5 
10 18.8 17.9 17.35 
ll 14.1 15.0 14.8 
12 14.9 15.5 14.6 
18 15.9 17.8 16.4 
14 16.2 22.3 18.4 
15 17.9 19.8 18.7 


Varimun Day « 

Response Varimun 

~? hours im see Res pons 
2 
20 4 
16.9 1.3 l 
15.7 1 6 2 
16.5 2 
18.0 10 
16.4 2.8 2 
25 6 9 6 l 
14.4 1.0 l 

17.3 0.0 

14.2 0.9 
14.8 0.6 l 
15.6 1 6 l 
17 6 61 ] 
19 ] 


These abnormal cases received 200 mg. of Dicumarol on the initial day and 8 mg. vitamin K 
on each day of the test 


tween the 24-hour and the 48-hour test. 
Five subjects (33%) had baseline pro- 
thrombin times which exceeded the 
normal range. Three subjects (20%) ex- 
ceeded the maximal expected response. 

Discussion. Saracbasi and Inceman* 
studied a group of 12 normal subjects 
to whom they administered 300 mg. of 
dicumarol 1 day and 200 mg. the fol- 
lowing day. In none of their patients 
did they have a maximal lengthening 
of the prothrombin time to more than 
5 seconds of the base level. This agrees 
well with our findings and our arbi- 
trary maximal normal response of 3 
seconds for the “‘Dicumarol Tolerance 
Test’ is felt to be well within the 


Concerning the selection of the dose 
of 8 mg. of vitamin K which was used 
in this study, Allen and Julian!’ investi 
gated a large series of patients w tl 
either extrahepatic or intrahepatic dis 
ease and prolonged prothrombin times 
They attempted to determine the state 
of hepatic function by the response ot 
the prothrombin time to doses of vita- 
min K. One of the drugs studied was 
Synkayvite and the daily dose used was 
8 to 10 mg. They concluded that 
enough vitamin K was supplied by this 
dose to bring the prothrombin tim 
down to normal within 24 hours if th 


function of the liver was adequat« 


4 
( 
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the 
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The demonstration of Groups 3 and 
{ that the average response can be 
brought down from 7.5 seconds an 
average response of 2.3 seconds by the 
concomitant daily use of 8 mg. of 
water-soluble vitamin K suggests that, 
in some respect, there is a vitamin K 
deficiency in a number of these pa- 
tients. Whether this represents a_re- 
lative or absolute deficiency cannot be 
definitely ascertained at this time but 
the results seem to indicate that with 
the use of vitamin K a more optimal re- 
sponse to dicumarol can be obtained in 
patients who are in congestive heart 
failure. 

There are 3 possibilities which might 
iccount for a deficiency of vitamin kK. 
lhe first is a possible absolute defi- 
cieney of vitamin K in the gastrointesti- 
nal tract resulting from poor dietary 
iitake. The second is poor absorption 
from the gastrointestinal tract due to 
passive congestion of the intestinal wall. 
(he third is an abnormal response due 
to hepatic dysfunction brought about 
v the congestive failure, including also 

certain degree of renal failure. 

Uvnas'' has made the statement that 
here are only four cases on record in 

hich hypoprothrombinemia in man 
ould be attributed to dietary defi- 

ency. The fact is that it can be pro- 
uced nutritionally in mammals only 
th marked difficulty since intestinal 
icteria produce enough vitamin K for 
tection against K-avitaminosis. That 
re is adequate absorption from the 

‘trointestinal tract is demonstrated 

this study inasmuch as oral dosage 

Vitamin K has produced the desired 

ults. The possibility, however, that 

re may be a deficient absorption of 
soluble K salts from the intestine 

s not been proven. The depressed 

iction of the liver may account for 

reased bile excretion and this in 

1 for the partial vitamin K deficiency 

hich has been suggested. However, 
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the vitamin K given in this study was 
the water-soluble form and appears to 
be adequately absorbed from the gas- 
trointestinal tract. 

Cantarow? has demonstrated that 
there is depressed liver function in 
cases of heart failure. 
Eleven out of 14 cases revealed ab- 
normal bromsulfalein retention. White 
ct al” in performing needle biopsy 
studies on the livers of 30 cases of con- 
gestive failure demonstrated normal 
structure in 17 patients. The other 13 
patients presented varying degrees and 
forms of hepatic pathology which could 
not be correlated with the type or de- 
gree of heart disease present. Felder 
el al.” in a study of 135 cases of chronic 
congestive heart failure found 74% had 
at least 1 abnormal liver function test 
cut of 2 or more different tests per- 
formed on each patient, although only 
30% of the total number of tests per- 
formed were outside the normal range. 
Again no correlation was possible with 
the type or duration of the heart dis- 
ease. Shapiro et al.®° concluded from 
their studies that patients with live 
disease will respond to a small quantity 
of dicumarol only when the disturb- 
ance in the liver is sufficient to cause 
prolongation of the initial base-line 
prothrombin time. 

These studies would indicate that 
varying amounts and degrees of he- 
patic disease are often present in pa- 
tients with congestive heart failure. 
The amount of hepatic disease may, 
and often will, affect the prothrombin 
response to dicumarol. In this study, 
however, no correlation is possible be- 
tween the results obtained and_ the 
degree of hepatic dysfunction, except 
insofar as prolongation of the initial 
baseline prothrombin time con- 
curred. 

There were seven patients (50%) in 
the abnormal group who received the 
‘Dicumarol Tolerance Test’ alone 


congestive 
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Table 3) who prolonged pro- 
thrombin times initially and of these 
only 2 patients (14%) had an abnormal 
response. This is in contrast to an in- 
cidence of abnormal responses in 64% 
of the patients in the entire group. 
There were 5 patients (33%) in the ab- 
normal group who received both dicu- 
marol and vitamin K (Table 4) who 
had prolonged prothrombin times initi- 
ally and only 1 of these (7%) had an 
abnormal response. This is in contrast 
to an incidence of abnormal responses 
in 20% of the entire group. The conclu- 
sion is that the presence of an initially 
prolonged prothrombin did not in any 
way predict an abnormal response. In 
fact, in the third group (Table 3), almost 
the opposite was true since every one 
of the patients (507) who had a normal 
prothrombin time initially showed an 
abnormal to the dicumarol. 
These results are in direct contrast to 
the work done by Shapiro et al.”. 

Mention should be made of the case 
in the fourth group who had the most 
marked maximal response. to the dicu- 
marol (Table 4, Case 8). This patient 
had advanced congestive heart failure 
and, in addition, gave a_ history of 
heavy alcohol consumption over many 
years. These factors may partially ac- 
count for the marked response in this 
patient. 

There seems to be no doubt in the 
minds of many authors that renal fail- 
ure will enhance the hypoprothrombi- 
nemic effect of dicumarol. In this study 
no attempt was made to elucidate this 
problem, but one case (Table 4, Case 
1) in group 4 had definite evidence of 
renal insufficiency (NPN 120 mg.) and 
yet exhibited a normal response. 

There is a difference of opinion 
among contemporary writers concern- 
ing the relative advantages of water- 
soluble vitamin K and oil-soluble vita- 
min K, or K-oxide in the treatment of 
dicumarol poisoning*. This investiga- 


response 
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tion suggests that water-soluble vita- 
min K is effective in attenuating the 
increased hypoprothrombinemic eftect 
of dicumarol. The idea has been ac- 
cepted that the same effects could be 
obtained with the use of the oil-soluble 
vitamin k,. 
done in abnormal subjects but, in the 
search for the optimal dose of vitamin 


These studies were not 


K,, the conclusion was reached that 
{ to 6 mg. of vitamin k, given daily 
should produce results similar to those 
obtained with an 8 mg. dose of water- 
soluble vitamin K. This dose should not 
the 
ficiently to prevent a response to the 
but 
cessive reaction. 
Recent work published by Collen 
tine and Quick*® may shed light on the 


depress prothrombin time suf- 


dicumaro] should obviate an ex 


mechanism involved in the attenuation 
of the increased hypoprothrombinemi 
effect of dicumarol in congestive heart 
failure by water-soluble vitamin K sub 
These investigators advanc: 
the hypothesis that vitamin K acts as 
a prosthetic group combining with an 


stances. 


apoenzyme to form the active or holo 
enzyme responsible for the synthesis 
of prothrombin. This concept may b« 
further. extended by assuming that di- 
likewise with the 
apoenzyme in such a manner as to pre 
vent vitamin K from forming the holo- 
enzyme. They ‘demonstrated that k 
substances have a much greater affinity 
for the apoenzyme than dicumarol and 
that when a union with either has oc- 


cumarol combines 


curred, an excess of the other is neces- 
sary to supplant its 
might thus postulate that the excess o! 
K substance administered in this stuc 


opponent. We 


is necessary for the formation and main 
tenance of an adequate amount of tli 
true holo-enzyme in the presence 0! 
depressed hepatic function, thus co 
tributing to the formation and mein 
tenance of an adequate amount of yr 


thrombin. If the excess of vitamin kh 
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were not present, the inactive dicu- 
marol enzyme would be formed in ex- 
cess resulting in insufficient prothrom- 
bin formation and a state of dicumarol 
poisoning. It would appear that the re- 
lative affinity of vitamin K, for the 
apoenzyme is greater than is the affinity 
of water-soluble K substances since 
larger doses of the latter are necessary 
to produce the same anti-dicumarol ef- 
tect. 

Summary. |. The increased hypopro- 
thrombinemic effect of dicumarol in 
congestive failure is again proven ex- 
perimentally by the use of the “‘Dicu- 


marol Tolerance Test’. 


Appreciation is expressed to Dr. R. A. Peterman of Merck & Co., 


uppls of vitamin 
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2. The increased hypoprothrombine- 
mic effect of dicumarol in congestive 
heart failure can be modified by the 
use of water-soluble K substances given 
in a dosage of 8 mg. daily. 

3. The anti-dicoumarin effect of vita- 
min K, is again substantiated. A daily 
dose to produce an effect similar to the 
water-soluble K 
gested. 

4. A mechanism for this modification 
of the increased hypoprothrombinemic 
effect of dicumarol is postulated. 

5. A discussion of the causes for the 
increased hypoprothrombinemic effect 
of dicumarol in congestive heart fail- 
ure is presented. 


substances is sug- 


Inc., for the generous 
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IN our present state of knowledge. 
any evaluation of a new mode of ther- 
apy for cardiovascular syphilis is bound 
to yield inconclusive results. This frus- 
trating eventuality is due to the many 
unsolved problems in the diagnosis of 
cardiovascular syphilis, and to the fact 
that the interpretation of the actual 


effects of the therapeutic measures 
under investigation cannot be ap- 
preciated fully because of the lack 
of suitable controls. This review is 
undertaken, therefore, with due cog- 
nizance of the tentative and_ rela- 
tive character of the data pre- 
sented, but, however, with the full 
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practitioners 


that 
at last 
a safe, effective means of supplement- 
ing the equally important medical as- 
pects of treatment of cardiovasculai 
syphilis. 

Problems Involved in Evaluation of 
Treatment of Cardiovascular Syphilis. 
Among the still unsolved problems in 
the evaluation of penicillin therapy «re 
the uncertain criteria of diagnosis, clin- 
ical or postmortem, of uncomplicated 
syphilitic aortitis; influence of race and 
sex on the outcome of treatment; ‘he 
prophylactic effect of treatment in 
prevention of cardiovascular syphilis 


conviction Reviewer 


penicillin, have 
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and the amount of treatment which 
is adequate in early syphilis to prevent 
the development of cardiovascular 
complications. Furthermore, insufficient 
time has elapsed to determine fully the 
efficiency of penicillin in the manage- 
ment of cardiovascular syphilis. A fac- 
tor which makes evaluation of treat- 
ment on prognosis difficult is whether 
or not cardiovascular syphilis is chang- 
ing with the passage of time, and that 
we are now seeing a different type of 
this phase of syphilis. The simultane- 
ous occurrence in patients of cardio- 
vascular syphilis with other aspects of 
late syphilis, such as neurosyphilis, 
may alter the picture of therapeutic 
efficacy, as well as increase the po- 
tential reactivity of the patient to a 
particular treatment system or drug. 
Other variable factors involved in 
evaluation of therapy which cannot be 
issessed accurately are: the presence 
of diabetes mellitus; hypertension; de- 
gree of arteriosclerosis; renal function, 
to mention only a few. It is not suf- 
ficient merely to use past records to 
btain a control series against which 
to evaluate therapy in cardiovascular 
yphilis. This is unlikely if not impos- 
ible, since one cannot be certain 
vhether patients in the previously 
treated group are similar to those who 
re to be subjected to the new method 
treatment'’. Furthermore, the at- 
empts of groups of individuals or clin- 
s to pool their results have also led 
» certain conclusions which are, of 
ourse, dependent upon the validity of 
ch pooled results submitted for 
aluation to a central set-up. 
Barnett and Small', moreover, on the 
isis of a series of 334 cases of cardio- 
iscular syphilis with aortic regurgita- 
i, aneurysm, or both, attest to the 
tatistical difficulties in the evaluation 
| the effect of antisyphilitic therapy 
i cardiovascular syphilis. They show 
‘hat symptomatic and asymptomatic 
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cases must be separated for study. In 
the former, cases observed for less than 
a year must be eliminated in order to 
obtain little- and much-treated groups 
of comparable initial severity. In the 
latter, no such elimination can be 
made, but the results must be ex- 
pressed in relation to the total years of 
patient observation, rather than to the 
number of individual patients involved. 
Antisyphilitic therapy probably im- 
proves prognosis to some extent at any 
stage of cardiovascular syphilis, but it 
is definitely more effective when given 
before the onset of symptoms, and it 
probably becomes progressively less 
useful as the disease progresses. Along 
these lines, Flaum and Thomas** be- 
lieve that the factors influencing prog- 
nosis of cardiovascular syphilis in- 
clude: 1) the presence or absence of 
symptoms of diminishing cardiac re- 
serve; 2) the size of the heart; 3) the 
age of the patient (arteriosclerosis); 4) 
the type of work performed; and 5) the 
amount of previous antisyphilitic ther- 
apy and when it was given in relation 
to the discovery of the cardiac involve- 
ment. Patients with cardiovascular 
syphilis respond to medical therapy 
better than was previously thought. 
Involved also in the evaluation of 
cardiovascular syphilis therapy is the 
relative place of medical care, other 
than the so-called specific therapy in 
the therapeutic regimen. Although in 
this presentation, relatively little men- 
tion will be made of the various as- 
pects of the so-called medical treat- 
ment of cardiovascular syphilis, it 
should in no sense indicate any lack 
of regard for the importance of this 
complementary treatment, especially 
of the new advances in this field. Fur- 
thermore, it is practically impossible 
to evaluate the relative importance of 
such treatment as compared with speci- 
fic treatment, because no physician 
knowingly would resort in most cases 
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to medical treatment alone if his pa- 
tient has definite evidence of cardio- 
vascular syphilis. It is true, however, 
that some forms of so-called prepara- 
tory treatment for cardiovascular syph- 
ilis amount to practically no treatment 
at all. 
Moore’s®® cardiovascular 
syphilis summarizes many of the prob- 
lems involved in the determination of 
the effect of antisyphilitic therapy in 
this aspect of syphilis. In view of the 
uncertainty of diagnosis of uncompli- 
cated syphilitic aortitis, information 
concerning the effect of antisyphilitic 
treatment must be sought from pa- 
tients in whom the clinical diagnosis is 
as nearly as possible verified by the 
presence of 


review of 


aortic regurgitation, sac- 
cular aneurysm, or both. In this con- 
nection, Moore believes that only two 
methods of study seem applicable; the 
histopathology of aortic syphilis as af- 
fected by treatment and the clinical 
study of treatment effect. 

The results of the study of the ef- 
fects of therapy on the histopathology 
of the aorta, however, have vielded 
contradictory results. While Hood and 
Mohr*® of Johns Hopkins Hospital 
found no histologic differences in the 
aortas of untreated and adequately 
treated patients, Howe*!' as well as 
Webster and Reader®! found what ap- 
pear to be definite differences in the 
two groups. 

Moore points out that there are ex- 
traordinary difficulties in the way of ac- 
curacy in the second approach; that is, 
a clinical study of the effect of treat- 
ment in terms of symptomatic relief 
and prolongation of life span. The first 
clinical intimation of the presence of 
cardiovascular syphilis may be sudden 
death, or an attack of congestive heart 
failure which is fatal in a few days or 
weeks. In such cases, there is no way 
in which to estimate the value of speci- 


fic treatment, since there is no time 
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to give it. Because the Johns Hopkins 
material vy one-third of 
the cases of cardiovascular syphilis in 
Moore 
eliminate, from statistical consideration 
of treatment effect, all patients who 
died within one vear of the onset of 


contains nearly 


this category, and his group 


symptoms. Furthermore, since in «a 
given patient, the course of the disease 
is wholly unpredictable with or with- 
out therapy, conclusions may be drawn 
only from large numbers of individu- 
als and in terms of averages. Aortic 
regurgitation, saccular aneurysm, or a 
the 


fatal in the long run from progressive 


combination — of two, are usually 
inflammation or from the vicious circle 
of mechanical circulatory defect, un- 
less the patient dies of an unrelated 
process. 

The practically uncontrollable fac- 
tors of the economic situation and of 
physical work are related to mechani- 
cal circulatory death. A sedentary oc 
cupation is essential to prolong life to 
the maximum in a patient with aortic 
aneurysm or regurgitation. The factor 
of work stress is, according to Moore 
of as great or more importance In pro- 
longing life as is antisyphilitic treat- 
ment, and account must be taken of it 
in a statistical analysis of results. Be 
cause of the more strenuous occupa 
tions of males, sex plays an important 
role in prognosis. Moore rates the rac 
of the patient as an important factor 
in prognosis. For example, syphilitic 
heart disease is not only more frequent 
in the Negro than in the white, but it 
is probably also more rapidly progres 
sive. The duration of infection and ag 
of the patient are undoubtedly also in 
volved in prognosis. The probably pr« 
longed symptomless course of aorti 
insufficiency and aneurysm is an ite! 
of greatest significance in an estimat 
of the results of treatment. An estimat 
of the effect of antisyphilitic treatme: 
can be had only by comparison 


DERMATOLOGY 


groups of patients who received one or 
another type or amount of specific 
therapy with another group which re- 
ceived none at all. The purely medical 
the several groups 
must be so far as possible identical. If 
the purity of the experiment is to be 
maintained, the physician must resist 
the temptation to trv another form of 
antisyphilitic therapy if one fails to 
bring about symptomatic relief, or if 
symptoms recur. Finally, for complete 
statistical accuracy, Moore suggests 
that the treatment should 
be expressed only in patients followed 
until death, and if possible with verifi- 
cation of the diagnosis by necropsy. 
it is only at death that life span can 
be measured. 

The Results of Metal Chemother- 
apy in Cardiovascular Syphilis. Moore's 
summary of this problem is so satis- 
factory that it is quoted as a_back- 
ground for comparison with penicillin 
therapy of this phase of syphilis. 

“These complexities are cited in ex- 
tenuation of the fact that now, nearly 
10 vears after the first introduction of 
ilvarsan by Ehrlich and the initiation 
1 effective metal chemotherapy, there 
ire available in the world literature 
nly 3 comparable, and reasonably 
reliable studies of the ef- 
ect of antisyphilitic therapy in cardio- 
iscular syphilis. These are by Grant. 
idget and Moore, and Stratton.” 
the biostatistical 
ethod emploved, even Grant's data 

not strictly comparable with the 
ther two series. Based on 171 cases 
aortic regurgitation followed for 10 
until death, Grant indicates 
‘that the mortalitv rate is higher, and 

pecially so from — cardiovascular 
philis, in patients untreated or in- 
lequately treated (with potassium 
idide only) than in those given some- 
‘hing approaching reasonable arsenic 
uid heavy metal therapy; and that the 


management of 


results of 


tatistically 


“Depending on 


ears or 
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proportion of patients still living 
eventful and unchanged’ after 10 years 
is higher in the treated group. If, how- 
ever, one re-analyzes Grant's material 
on the basis of average duration of 
life after onset of symptoms, limiting 
the analysis to patients already dead, 
there is no difference in the two groups 
(89 months in 29 treated patients, 87 
months in 89 untreated patients). The 
average duration of life in Grant's un- 
treated group is greater than in treated 
patients in the two American series. 
There is, however, a significant dif- 
ference in the clinical material. Grant's 
patients were all white males, British 
Army pensioners, who were able to 
lead an essentially sedentary life. In 
the two American series, the patients 
are predominantly Negro laborers, in 
whom the unfavorable influence of 
hard physical work is repeatedly 
evident.” 

“The data of Padget and Moore and 
of Stratton, combined and refigured to 
show the average duration of life in 
60 patients with saccular aneurysm (32 
untreated, 28 treated) and 91 patients 
with aortic recurgitation (51 untreated, 
40 treated), all of whom lived at least 
one vear after the onset of symptoms 
or recognition of the lesion, but all of 
whom were dead at the time of study, 
indicate that life span may be approxi- 
mately doubled by the factor of treat- 
ment. The actual figures are for 
aneurvsm untreated, 41 months, 
treated 74 months; aortic regurgitation 
untreated, 45 months; treated, 75 
months.” 

“The data of Reader and his asso- 
ciates cannot be compared for lack of 
pertinent information, but also strongly 
suggest that antisyphilitic treatment is 
effective in prolonging life.” 

“All these results were obtained with 
prolonged cautious treatment with 
arsenic, bismuth and mercury, as out- 
lined in Chapter 18 of my monograph, 
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“The Modern Treatment of Syphilis’.” 

Therapeutic Shock and Paradox. In 
the conventional therapy of cardiovas- 
cular syphilis, two concepts, therapeu- 
tic shock and_ therapeutic paradox, 
plaved an important role in the plan- 
ning of therapy for this phase of the 


disease. Full discussion of these prob- 


lems is made in “Modern Clinical 
Syphilology.” and in the paper by 
Stokes. Wolferth, Edeiken, Falk. and 


Ford*® and others**”. We shall outline 
the salient features here. The former 
commonly spoken of as the Jarisch 
Herxheimer or reaction. 
is a flare of the disease upon the insti 
tution of treatment. Originally de- 
scribed by Jarisch for the secondary 
eruption 


Herxheimer 


treatment with mer- 
curial inunction, it has been identified 
in everv observable phase of syphilis 
early and late. In the use of the arseni- 
cals its intensity up to the point of de- 
structive violence probably depends in 
part upon the initial intensity and im- 
pact of the treatment, though the “al- 
lergic” status of the individual also par- 
ticipates in this reaction. Dosage. as 
well as the activity of the treatment 
agent used, both plav a role in its pro- 
duction. Its mechanism still un- 
known, but the earlier attributing of 
the flare to lysis of Treponema pal- 


under 


lidum at lesion sites is certainly unten- 
able, since the reaction appears after 
the use of relatively nonspirillicidal 
drugs, for example, mercury and try- 
parsamide, and can be seen in lesions 
of late syphilis in which treponemes 
few and far between. It is more 
probable that at least a part of the 
reaction is in the cellular tissues and 
of the nature of an immunity response. 


are 


or even an allergic reaction. Thera- 


peutic shock induced by metal therapy 
had to be controlled. This was ac- 
complished by two devices: initial low 
dosage, and the preliminary use, be- 
fore the more shock-producing arsen- 
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were administered, of 
less prolonged “preparation” with the 
metals. although 
bismuth itself may produce therapeutic 


icals more or 


slower-acting heavy 


shock, and neoarsphenamine can be 
given without serious clinical shock if 
the dosage is low enough. 

Clinically — the 
reaction may be 


Jarisch-Herxheimer 
manifested by in- 
creased body temperature as well as 
by a flare-up of obvious or subclinical 
syphilitic lesions immediately follow- 
with 
In the heart this could result 


ing treatment anti-syphilitic 
agents. 
in serious embarrassment. Therapeutic 
shock, then, has been accepted as a 
the treatment of cardio- 
vascular syphilis during the middle and 
the arsenical era, 
the full 
therapeutic resources against syphilis 
in treating the disease in the heart and 
great On the other hand, the 
the 


such should not be confused with the 


danger in 


later vears of and 


has discouraged use of om 


Is 
vasculotoxicitv — of arsenicals as 
Jarisch-Herxheimer reaction. 

Wile” first therapeutic 
paradox as the conception that th 
patient might be injured even fatally 
by rapidly induced healing of a syph 
ilitic lesion in a 


described 


structure. Thi 
was originally observed in the live 
Svphilitic hepatitis improved rapidly 


vital 


under the arsphenamines, and 
with equal rapidity the patient wen! 
downhill to uncontrollable ascites, wit! 
other evidence of hepatic injury, port 
obstruction and death. Later the cor 
cept was broadened to include other 
late manifestations of syphilis, and suy 
posed fibrous contractile scarring as 4 


phase of the healing process, with 
shrinkage and distortion of the i 
volved structure, rather than lack of 


time for functional adjustment, was 
emphasized as the evil consequen 
The mechanism of the therapeutic 
paradox is unknown. It may be p1 


vented much in the same way as thera- 
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peutic shock. Even substitution of a 
(arsenoxide) 
lessened 


less toxic arsenical may, 


vasculotoxicity, 
vield fewer therapeutic paradoxes than 


because of 


the arsphenamines. 

Sources of Pertinent Information. For 
the student of the treatment of cardio- 
vascular syphilis, a number of good 
information are available. 
\mong these are: Stokes, Beerman and 


sources ot 


Kampmeier**, 
Cole and others®, Hinrichsen?*, Wood- 
ruff®’, de la Chapelle!*, Nicol**, Cor- 
mia'’, Eisenberg?", Chapman and Mor- 
Prebble’, Webster®’, Barnett and 
Small'. Particular reference to the ma- 


Ingraham™, Fleming*’, 


terial contained in these sources re- 
lating to the therapy of cardiovascular 
yphilis with penicillin will be made 
in appropriate addition, 
many of the papers dealing with the 
ictual 
vphilis with penicillin contain con- 


siderable information dealing with the 


places. In 


treatment — of 


fundamental aspects of the therapy of 


irdiovascular syphilis. 

Penicillin in Cardiovascular Syphilis. 
Since penicillin is a fast-acting § spiril- 
licide, and should theoretically behave 
ike other fast-acting spirillicides, the 
wsphenamines, it could produce not 

erely a febrile reaction, but an over- 
the syphilitic 
process, transient and serious in pro- 
ortion to the vital of the 
esion and the size of the initial dose. 

ly in the penicillin era, workers 
ttempted to control anticipated shock 
ffect by reduction in dosage, but the 
bservation of Olanskv'! seemed to in- 
that 
s low as 


ill exacerbation — of 


location 


licate reductions in dosage to 
1,000 without 
itect in preventing Herxheimer reac- 
tions, though their intensity might con- 
eivably be reduced. Tucker and 
farmer®* showed that a febrile Herx- 
heimer reaction fails to appear only 
below such small doses as 1 to 10 units 
per kilogram of body weight. One- 


units were 
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tenth of the dose that will render a 
syphilitic lesion darkfield negative is 
capable of causing a  Jarisch-Herx- 
heimer reaction. Purified Crystaline G 
penicillin appears to yield fewer severe 
local flares and immediate serious re- 
actions as compared to the arsphena- 
mines. While this fact has encouraged 
certain groups (notably at the Univer- 
sity of Pennsylvania) to make a com- 
plete study of the effects to cardio- 
vascular syphilis, other investigators 
have been extremely conservative in 
their exhibition of a rapid-acting drug 
like penicillin in patients with cardio- 
vascular syphilis. (Wile®*; Peralta and 
Castaneda**®, Tung’; Eisenberg?®; 
Blomquist®; and Willcox"). For ex- 
ample, Wile cautioned us against the 
use of too intensive methods in the 
treatment of cardiovascular syphilis. 
He felt that after the disease has 
reached a clinical horizon, treatment 
reactions are more apt to occur. This 
relates to either the arsenicals or pen- 
icillin, both of which are fast-acting 
drugs. This point of view seemed 
somewhat justified at first because in 
a disease process, such as cardiovas- 
cular syphilis, where sudden death, 
with or without treatment, is frequent, 
treatment with even small doses of 
penicillin seemed to be unsafe. Early 
reports, although admittedly equivo- 
cal, featured reactions, even fatal, in 
patients with cardiovascular syphilis 
under penicillin — 
Subsequent experience by many 
groups and in a reasonably large series 
of cases indicates that not only is pen- 
icillin well tolerated but may, within 
the limits of analysis previously de- 
scribed, actually induce improvement 
in the patient from the standpoints of 
relief of symptoms and _ prolongation 
of life. These data obtained from the 
literature have been tabulated for the 
sake of brevity in chronologic order in 
the following Table. 
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Jarisch-Herxheimer Reaction and 
Therapeutic Paradox (Penicillin Ther- 
apy). From the compilation of the liter- 
ature on penicillin therapy of cardio- 
vascular syphilis, it is apparent how 
groundless are the fears originally ex- 
pressed that this mode of treatment 
would be productive of an excessive 
number of therapeutic shocks and 
paradoxes. In fact, Moore, Farmer and 
Hoekenga'! as early as 1948 felt that 
in cardiovascular syphilis the febrile 
of the Herxheimer reaction 
was observed rarely, and then only in 
patients with an 
syphilis were 


resp mse 


associated 
there active cerebro- 
spinal fluid findings. They observed no 
clinical suggestion of increased cardio- 
vascular damage, nor could any evi- 
dence of this be detected by serial 
leukocyte 
and sedimentation rates. The Johns 
Hopkins group believed that “the risk 
of a Herxheimer 
cardiovascular syphilis has been grossly 
exaggerated.” 

In a recent report, Wheeler and 
Curtis®™ of the University of Michigan. 
analyzed the reported deaths and re- 
ported reactions as follows: 

“Of the 8 possible reactions, there 
are reported 3 fatalities. The patient 
reported on by Porter had received 4 
months of bismuth and iodide therapy 
before penicillin was administered. 
Two days after 9.6 million units of 
penicillin had been given the patient 
died of rupture of a huge aneurysm. 
It was evident before treatment that 
rupture of this aneurysm was imminent 
and it is impossible to say whether 
treatment had anything to do with the 
course of events. In the case presented 
by Moore the cause of death was 
likely cardiac failure which developed 
on the fourth day of treatment. The 
aorta was filled with plaques of syph- 
ilitic aortitis each of which contained 
fresh hemorrhage. Evaluation in this 


neuro- 


electrocardiograms, 


counts 


serious reaction in 
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instance is complicated by the pa- 
tient’s being treated with malaria as 
well as penicillin. Scott and Maxwell's 
patient suffered from purulent men- 
ingitis of unknown cause. Response to 
penicillin seemed satisfactory, but the 
patient died suddenly during conva- 
lescence of rupture of a previously un- 
suspected aneurysm. The possibility of 
bacterial involvement of the vessel was 
not discussed.” 

“Of the 8 possible reactions there 
are 5 reports indicating temporary in- 
terference with cardiac function. One 
of Porter's 2 patients had received 
weeks and the had 
months of potassium iodide and_ bis- 
muth therapy before penicillin 


Each had 


and one also had an aortic aneury Si. 


5 
other received 2 
was 


given. aortic insufficiency 
Both were in congestive failure before 
penicillin was given. As good ‘compen- 
sation as possible’ was obtained by 
use of digitalis, diuretics, and bed rest 
increasing evidence 


of congestive failure 2 weeks after pen- 


Each developed 


icillin was begun. Each responded 
satisfactorily to diuretics and greater 
curtailment of activitv. The observa- 


tion that congestive failure associated 
with syphilitic aortic insufficiency may 
be refractory to treatment and that it 
tends to recur casts some doubt on the 
conclusion that these patients present 
evidence of the therapeutic paradox. 

“Dolkart and Schwemlein’s first pa 
tient was seen in 1941, at which time 
diagnoses of latent svphilis and rheu 
matic heart disease with mitral stenosis 
and aortic stenosis were made. Fron 
1908 to 1935 the patient had receives 
an unknown 
bismuth. During 


arsenic an 
1942, aorti 
evident. Or 
two occasions in 1943, the patient wa 


amount of 
diastolic murmur became 


hospitalized because of chest pain an 
dyspnea. In 1944, he was again ho: 
pitalized and treated for congesti\ 
failure. In the summer of 1944, angin 
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pain on strenuous effort was noted. 
During 1942 and 1943, 50 doses of 
bismuth were given. The patient was 
rehospitalized in September, 1944, for 
penicillin therapy. Ten thousand units 
of penicillin given on September 24th 
produced no reaction. After 20,000 
units on September 25th, the patient 
noted 4 episodes of anginal pain. 
Twenty thousand units were given 
again on September 25th and 20,000 
units 3 times on September 26th. Seven 
episodes of anginal pain were noted 
on September 26th 
extrasystoles appeared on physical and 
electrocardiographic examination. The 
penicillin was stopped. The extrasys- 


and ventricular 


toles disappeared. Because of the as- 
sociated rheumatic heart disease, the 
amount of pretreatment, the evident 
cardiac dysfunction before penicillin 
was given, it is hazardous to claim that 
this is an example of a Herxheimer 
reaction.” 

“The second patient reported by 
Dolkart given 
penicillin for an upper respiratory in- 
\fter 700,000 units given over 

3-day interval, precordial pain ap- 
eared. The penicillin was stopped 
ind the pain disappeared by the fol- 
wing morning. This patient had 

rtic insufficiency and tabes dorsalis, 
diagnosis being made in 1936, nine 
ws before penicillin therapy. From 

36 to 19389. he was given intermit- 

ut treatment consisting of iodides, 

muth, neoarsphenamine. In 

S and 1939, several episodes of 

ecordial pain had occurred, but the 

tient denied precordial pain from 

9 to 1945. He also denied knowl- 

‘ge of syphilis or of specific treat- 

ut for it. Besides a possibility that 

e history was unreliable, the reap- 

irance of the precordial pain at the 

ne of penicillin therapy may have 
presented only coincidence. It 


and Schwemlein was 


fection. 


and 
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might even be that the 
tabetic.” 

“The report of Callaway and_ his 
associates concerns a 42-vear old car- 
penter who received penicillin in the 
treatment of neurosyphilis. At the time 
of treatment compensated aortic in- 
sufficiency was observed. No reaction 
during therapy was noted. When the 
patient returned to work 10 days after 
therapy, precordial pain appeared. The 
pain was progressive. About 6 weeks 
later the patient went into congestive 
failure. The murmur had taken on a 
harsh quality suggestive of a ruptured 
aortic cusp. Treatment for congestive 
failure restored compensation but the 
cardiac reserve was too low to permit 
the patient to return to work. Rupture 
of a valve was not proved by autopsy. 
In the event of valve rupture, it is 


pain was 


unlikely the patient could regain com- 
pensation. It is impossible to prove 
whether the breakdown of cardiac re- 
serve was a result of the penicillin 
therapv or whether it represented a 
natural progression of the disease.” 
“A review of the present literature 
dealing with the use of penicillin in 
cardiovascular syphilis indicates that 
about 190 cases have been reported. 
About 35 of these patients carry diag- 
noses of uncomplicated aortitis. Since 
a diagnosis of uncomplicated aortitis is 
subject to considerable possibility of 
error, results pertaining to this groun 
of patients should be accepted with 
reserve. The remaining 155 patients 
present evidence of either aneurysm, 
aortic insufficiency, or both, and as 
such permit diagnoses of cardiovas- 
cular syphilis. Of this latter group, 
approximately 130 patients have been 
given varving amounts of iodide and 
metal therapy before penicillin admin- 
istration, and about ‘25 have received 
no pretreatment before penicillin ther- 
apy. In no instance has an unques- 
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tionable adverse reaction to penicillin 
therapy been recorded.” 
Whorton and Denham", 
ported the occurrence of a_ possible 
Jarisch-Herxheimer reaction after pen- 
icillin treatment in a patient with gum- 
matous syphilitic aortitis, also com- 
mented on the rarity of the Jarisch- 


who. re- 


Herxheimer reaction in cardiovascular 
syphilis, in contrast with early syphilis 
and central nervous system syphilis. 

Encouraged by the relatively less- 
ened tendency of penicillin 
G over the more crude product, the 
University of Pennsylvania group in 
May, 1949'*, reported the results of 
the treatment of 50 cases of cardio- 
vascular syphilis with penicillin ther- 


reaction 


apy alone, without preparation; of 12 
patients with cardiovascular syphilis 
and congestive failure, in whom pen- 
icillin and methods to combat conges- 
tive failure were used simultaneously. 
In this group not only were untoward 
effects lacking, but the distinct impres- 
sion prevailed that these patients re- 
sponded better than most patients with 
cardiovascular syphilis and decompen- 
sation who were treated, as was often 
the case in the pre-penicillin era, with 
measures aimed only toward combat- 
ing congestive failure. Experience with 
these two groups of cases led to the 
belief that therapeutic shock in cardio- 
vascular syphilis treated with pen- 
icillin is indeed uncommon; and that 
therapeutic paradox, if it occurs, is a 
rarity. Various hypotheses including 
that of a toxic action of arsenicals 
upon already diseased tissues, rather 
than a wholesale sudden liberation of 
toxic spirochetal disintegration prod- 
ucts were discussed to explain ther- 
apeutic shock. If theraveutic paradox 
occurs, they do not believe it is com- 
mon or that it is caused by too ranid 
cure with disturbance of function with 
resultant rapid fibrosis. 
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Subsequently'® this group reported 
observations on 111 penicillin-treated 
cardiovascular syphilitic patients (sim- 
ple aortitis, 48 cases; aortic regurgita- 
tion, 51 cases; aortic regurgitation and 
aneurysm, 9 cases; and aneurysm, 3 
cases) with reemphasis of the virtual 
absence of — significant therapeutic 
shock and paradox. 

Serologic Effects of Penicillin Ther- 
apy in Cardiovascular Syphilis. The 
serologic effects of penicillin therapy 
on cardiovascular syphilis are bound 
to be diasappointing. The frequent as- 
sociation of neurosyphilis with syph- 
ilitic cardiovascular involvement (for 
example, 45.2% of the 111 University 
of Pennsylvania patients also had cen- 
tral nervous system syphilis) may ac- 
count for much of the poor serologic 
effect of treatment. The University of 
group!’ (March, 1951), 


found. disregarding the 6 cases with- 


Pennsylvania 
out follow-up, there were 85 cases 
(80.9%) positive before treatment, and 
86 cases (81.9%) positive after therapy 
Twenty cases (19.1%) were negative 
before treatment, and 19 cases (18.1% 
after treatment. Al 
though 7 of the cases with a positive 


were negative 
serologic reaction vielded negative re 
actions following treatment. 8 of the 
that had 
reactions prior to treatment had _ posi 
tive after 
therapy. Thirty-six cases (42.37) of th 
85 patients with positive results i 


original 20 cases negative 


serologic status venicillir 


their tests showed a drop of 2 or mor 
tubes in the quantitative test. Thirt 


seven (43.5%) of the 85 cases showed 
no chance in the quantitative test 
Coale and his group* had similar poor 
serologic results. while Weir et al 
and Johnson and Shapiro** found a 
vost-penicillin therapy drop ser 
logic titer in their relatively 


series of cases. Three of Leech’s*® 
patients developed negative reactio 
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to the Wasserman or Hinton tests 
alter treatment. 

Clinical Effects of Penicillin Treat- 
ment of Cardiovascular Syphilis. As- 
suming that all the deficiencies pre- 
viously mentioned as inherent in the 
determination of the effect of penicil- 
lin therapy of cardiovascular syphilis 
are corrected, one could not make defi- 
nite statements regarding the clinical 
effectiveness of such treatment be- 
cause the period of observation is as 
vet rather short. Up to 1951, 1243 days 
was about the longest period that re- 
ported patients have been observed". 
However deficient the data are, some 
of the available on this 
aspect of the problem are worth men- 
co-workers*, 
for example, noted no striking results, 
but the overall picture was good. 
Hlaum and Thomas** 1949 stated that 

of their patients with aortic insuffi- 
iency, “claimed to be improved after 
treatment’. This apparent improve- 
nent could be due to a general sys- 
temic improvement following the erad- 

ation of the chronic low-grade syph- 
litic infection. Leech** reported that 

il but 2 of his patients were improved 
unchanged. Death in 3 was not 
ttributable to treatment. Chapman 
nd Morgan? observed relief of pain 

patients with aneurysm, but their 
‘reatment schedule included potassium 

dide and bismuth — simultaneously. 
Vheeler and Curtis™ also reported 
iprovement in symptoms, but there 
ere possible therapeutic para- 
xes. In one of Johnson and Sha- 
cases, there were significant 
thodiagraphic and roentgenographic 
anges indicating enlargement of an 
neurysm. The patient died of tracheal 
ostruction 2 days after completion 

treatment. Five patients died 2, 270, 
0, 527, and 854 days, respectively. 

st-treatment. Most of the patients 

‘perienced weight gain and a feeling 


information 


tioning. Coale and_ his 
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of well-being. Weir, Roberts and 
Tullis® in a preliminary comparison of 
the post-treatment with the pretreat- 
ment status of their patients indicated 
that although a few patients were 
graded as “worse” in the post-treat- 
ment period, it is felt that in no case 
was deterioration hastened by penicil- 
lin therapy. The University of Penn- 
sylvania group'® found that “penicillin 
is admirably tolerated by the decom- 
pensated heart, with clinical improve- 
ment in a high proportion of cases. 
Anginal pain was relieved without 
recognizable shock or paradox in 4 
out of 5 cases. In syphilitic aortitis 
‘uncomplicated’, observed for from 3 
to 58 months, one-third are improved, 
one-half unchanged and only one-sixth 
were worse (one death ot bronchopneu- 
monia). In aortitis with regurgitation 
64% are improved, 20% unchanged and 
16% are worse. In aneurysm with re- 
gurgitation the number is too small 
for analysis, but 4 or 5 kept under 
improved. Of 3 large 
saccular aneurysms, one lapsed from 
observation, one died in a wiring oper- 
ation, and one was unchanged.” 
Electrocardiographic Changes Fol- 
lowing Penicillin Therapy. In_ this 
phase of the subject of penicillin ther- 
apy of cardiovascular syphilis, it is 
necessary to differentiate the electro- 
cardiographic effects induced by pen- 
icillin per se and those incident to the 
changes in cardiovascular status this 
therapeutic agent induces. Steiger and 
Edeiken**» in their studies on the elec- 
trocardiographic changes before, during 
and after penicillin treatment in early 
syphilis, found alterations in 42.5% in a 
second series of 40 cases. In an earlier 
report (1947°*), they had found 50% 
incidence among 30 cases, or an ag- 
gregate of 45.7% of 70 cases. The elec- 
trocardiographic changes which were 
T-wave, and in some cases RS-T se- 
quent changes in limb or chest leads, 


observation 


| 
( 
{ 
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or both, occur in all phases of early 
syphilis. Penicillin does not seem to 
be responsible for these changes. The 
are usually transient, but 
may also remain permanently. Binder 
and his group? encountered transient 
T-wave 3 patients who 
developed severe reactions during 
penicillin treatment. They resemble 
changes observed in other allergic re- 
actions. With respect to the electro- 
cardiographic changes produced by 
penicillin in the treatment of cardio- 
vascular syphilis, there are only scat- 
tered data, the exact significance of 
which is not clear. Edeiken and _ his 
group'*, in 1949 stated that although 
a large percentage (50%) of their cases 
showed electrocardiographic abnor- 
malities either before, during or after 
penicillin treatment, one cannot con- 
clude that they are all directly or 
solely due to the syphilitic infection. 
Significant T-wave changes were noted 
during the course of treatment in 8 pa- 
tients. Moore*® observed that tracings 
taken during course of treatment did 
not indicate that penicillin irritated the 
heart, and in 
provement 
Castenada*® 
patients 
graphs. 


changes 


inversion in 


instances im- 
Peralta and 
noted that 7.8% of their 
had altered  electrocardio- 
Coale and his colleagues* 
concluded that nothing definite could 
be concluded by following the electro- 
cardiograms. 


several 
was seen. 


Johnson Shapiro** 
that “the electrocardio- 
graphic tracings, except for changes 
which go with left ventricular strain 
due to aortic insufficiency or changes 
due to coronary involvement, showed 
no pattern which could be considered 
pathognomonic of 
syphilis.” 

Summary Statement and Proposed 
Therapeutic Regimen. The problems 
of penicillin therapy of cardiovascular 
syphilis may at this time be summar- 
ized by employing the questions asked 


observed 


cardiovascular 
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by Edeiken, Ford and Stokes! regard- 
ing this subject. We emphasize again 
the relatively subjective character of 
the available information. 

1. “Can penicillin therapy be given 
safely to patients with cardiovascular 
syphilis?” Penicillin is relatively free 
from severe reaction. 

2. “How common therapeutic 
shock and therapeutic paradox in peni- 
cillin-treated cardiovascular syphilis?” 
Relatively few unequivocal — reactions 
have been observed, and the Univer- 
sity of Pennsylvania group observed no 
serious examples in 111 The 
factor of coincident neurosyphilis in 
producing febrile “Herxheimer” reac- 
tions is reemphasized. 


Cases. 


3. “Are there any contraindications 
to the use of penicillin in cardiovascu- 
lar syphilis?” Patients exhibiting a va- 
riety of processes, previously contra- 
indicating arsenical therapy, have been 
given penicillin treatment without se- 
rious untoward effects. 

4. “Does penicillin stop the progress 
There is 
evidence to suggest that the course ot 
the disease is favorably influenced by 
penicillin, but no definite statement 
can be made before a long follow-up 
period, at least 10 years, has elapsed 
and a large number of cases have bee 
studied clinically and pathologically. 

5. “What effect has treatment on the 
serologic test for syphilis?” The infor 
this point indicates that 
little may be expected from treatment 
in the way of serologic reversal. Th: 
coincidence of neurosyphilis with th 
cardiovascular process plays a_ larg 
role in this lack of serologic reversal. 

6. “Should patients with suggestiv: 
but not positive, signs of aortitis | 
treated with penicillin?” We agr 
with Edeiken, Ford and Stokes 
saying yes to this question. In view «|! 
the uncertainties of diagnosis of u 
complicated syphilitic aortitis and t! 


of cardiovascular syphilis?” 


mation on 
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safe and probable effectiveness of 
penicillin therapy, the patient should 
be given the benefit of the doubt, not 
only because it is practically without 
danger; but it is inexpensive and not 
time consuming. In the past many pa- 
tients were not treated because even 
presumptive diagnosis condemned them 
to prolonged, costly and even danger- 
ous therapeutic regimen. 

To these may be added: 
with bismuth and 
prior to penicillin 
therapy of cardiovascular syphilis? Al- 
though, according to Willcox®? most 
British physicians are employing such 
preparatory treatment, it is 
from the data presented above that 


7. Is treatment 


iodides necessary 


obvious 


this seems unnecessary from the reac 
tion standpoint, at least. Whether the 
eventual outcome of treatment will be 
better with combined therapy or peni- 
cillin alone is still unanswered. 
\ssuming. from the data presented, 
that penicillin therapy is the safest 
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agent yet produced for cardiovascular 
syphilis, we suggest that the treatment 
scheme of the University of Pennsyl- 
vania group!’ be employed until a 
more convenient or effective regimen 
is evolved. “The advocated treatment 
includes two-hour 
schedule, crystalline penicillin G (4,- 
800,000 to 9,600,000 units in 40,000 to 
80,000 unit individual doses), but pro- 
caine penicillin may be given to hos- 
pitalized patients on a 600,000 unit 
single, or 300,000 unit two-injection 
daily schedule for equal total dosage. 


hospitalization, 


The ambulatory use of this salt is 
under investigation. By present stand- 
ards, repetition of courses in excess 
of two of 9,000,000 units seems 
necessary. .. . The concomitant or sub- 
sequent use of heavy metal was not 
but 
general experimental grounds to be 


studied in this series, seems on 


unnecessary. 
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in acute anterior poliomye- 
litis results almost solely from bulbar 
ind bulbo-spinal involvement. Among 
other effects, this involvement causes 
respiratory embarrassment and failure, 
due to paralysis of the muscles con- 
cerned in swallowing, breathing, and 
coughing. Inability to swallow results 
in pooling of salivary secretions which 
an block the larynx and be aspirated; 
loss of the ability to cough can lead to 
itelectasis and “drowning in one’s own 
ecretions.” 

These contingencies were dealt with 
y postural drainage, as suggested by 
Durand!! in 1929, continuous mechan- 

al aspiration of pharyngeal secretions, 

irenteral instead of oral gavage 
ceeding, administration of oxygen by 
itheter or mask, occasional broncho- 
pic aspiration when indicated, and, 
hen there was sufficient paralysis of 
diaphragm the intercostal 
uscles to warrant it, the use of the 
pirator. When death occurred in 
te of these measures, it was usually 


or 


ribed to progressive involvement of 
respiratory and circulatory centers 
the brain stem. To this eventuality 
physician had become reconciled, 
ce he felt powerless to prevent or 
itrol the spread of this infection. 
lhe use of tracheotomy in the treat- 
nt of bulbar poliomyelitis was first 
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reported by Wilson'', from Boston, in 
1932. Other de. 
scribing and advising the occasional 
emergency use of tracheotomy in se- 
lected cases of acute bulbar poliomye- 
litis appeared sporadically during the 
next 15 years. 

In 1946, compelled to cope with a 
severe epidemic of poliomyelitis, in- 
cluding 400 bulbar cases, the Minne- 
apolis group performed 75 tracheoto- 
mies. The reports?**!“"°* of their ex- 
periences and their 
advocacy of early operation gave great 
impetus to the use of tracheotomy in 
bulbar poliomyelitis. This was reflected 
in a succession of articles*:'%:17-2.24.25. 
4.37.40 describing an increasing use of 
tracheotomy, not only as a life-saving 
measure in respiratory emergencies, 
but also as a prophylactic procedure 
to prevent hypoxia, hypercapnea, 
atelectasis and pneumonia, pul- 
monary edema. This advocacy of the 
use of tracheotomy based on greatly 
liberalized indications, including so- 
called “prophylactic” tracheotomies, 
has met with strong disapproval from 
a number of F Curiously, 


in these cases 


workers*:**, 
this seems to have developed into a 
sort of sectional issue (except for 
occasional dissenters within both re- 
gions ). In the Midwest and West they 
favor more frequent and earlier trache- 


(465 ) 
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which is considered to be life- 
on the other hand, in the East, 


otomy, 
saving; 


where tracheotomy was first per- 
formed, most are wary about these 
liberalized indications and sudden 


‘enthusiasm’ for this operation, main- 
taining that the great majority of bul- 
bar patients can be saved by expert 
management, without tracheotomy. 

It will be the aim of this paper to 
review the facts relating to both sides 
of this and attempt to 
deduce reconciliation which 
may be useful in the care of these des- 
perately sick patients. A general 
discussion of the technique of trache- 
otomy and the post-operative care, as 
modified by the use of the respirator 
and the unique conditions that obtain 
in poliomyelitis, will be outlined. 

Clinical Pathology and Pathological 
Physiology. Acute bulbar poliomyelitis 
presents disastrous derangements of at 
least 4 functions, namely: 1) swallow- 
ing, 2) breathing and coughing, 3) 
circulation, and 4) 
more of these can occur in the same 
patient. 


controversy 
areas of 


cerebral: one Or 


To aid in understanding the symp- 
toms of this bulbar polio 
cases can be grouped anatomically as 
follows: 1) Cranial Nerve Nuclei 
Group; with impairment of the swal- 
lowing mechanism and laryngeal func- 
tion; 2) Respiratory Center Group; 3) 
Circulatory Center Group; 4) Bulbo- 
Encephalitic Group, and 5) Bulbo- 
Spinal Group, the 


affection, 


with paresis of 
respiratory muscles. 

A brief discussion of these groups 
will be of value. 

1) With involvement of the cranial 
nerve nuclei, the significant svmptoms 
result from impairment of a) the swal- 
lowing mechanism and b) laryngeal 
function. a) Starting with nasal speech 
and nasal regurgitation, progression of 
pharyngeal paresis results in pooling 
of secretions in the pharynx; if severe, 
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this lead to obstruction of the 
larynx, reflex laryngeal spasm, aspira- 
tion of saliva and food, atelectasis and 
aspiration pneumonia, and finally to 
“drowning in one’s own secretions.” 
b) Since destruction of the cells of 
the nucleus ambiguus (the motor nu- 
which abduction and 
adduction) varies, the position of the 


paralyzed yocal cords likewise varies. 


can 


cleus governs 


When there is paralysis of both abduc- 
tors (rarely), the cords may be almost 
touching in the midline on inspiration, 
and blown apart on expiration. At best, 
this would shallow 
respirations; at worst, sudden asphyxia. 
Paralysis of both adductor 
impairs speech and prevents efficient 
coughing. With only one side affected, 
these functions would be impaired to 


cause controlled, 


muscles 


a lesser degree. Rarely, anesthesia of 
the larynx occurs. 
When 


laryngeal involvement, the aspiration 


there is any severe type of 
of secretions or food is obviously ex- 
There is no ques- 
trache 


tremely dangerous. 
the 
otomy in such a situation. ) 


tion regarding need for 

In passing, it should be remembered 
that the act of coughing can be im- 
paired, even though laryngeal function 
is intact, if there is severe paralysis of 
the diaphragm the 
muscles. Briefly, the act of coughing 


and intercostal 


closure 
intra 


consists of 1) 
of the 
thoracic pressure, 4) opening of th 


inspiration, 
glottis, 3) increase in 
glottis, and 5) sudden expiration witl 
release of the increased intrathoracic 
pressure. To obtain an effective cough 
it has been estimated® that the positive 
intrathoracic may 
40 mm. of mercury. Since the positiv 
pressure in the respirator is rarely ov 
5 mm. of mercury, this would be it 
sufficient by itself to produce an effec 
tive cough. A lack of coordination « 
the muscles involved in this compl 
cycle, due to central disturbance, coul 


pressure rise t 


il 
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also impair the cough reflex. 

2) Involvement of the respiratory 
center, due to destruction of the ven- 
tral portion of the reticular substance 
of the medulla (Brown et al.*) at first 
causes a variation in the rate and the 
depth of inspiration, together with the 
usual symptoms of hypoxia, namely, 
anxiety, restlessness, increased pulse 
rate and rise of blood pressure, with or 
without cyanosis. Increasing damage 
to the center results in longer periods 
of apnea and respiration of the Cheyne- 
Stokes type; with this come increasing 
cyanosis, confusion, de- 
lirium and coma. (Sedatives should be 
used with extreme caution, because of 
further the 
respiratory center.) Intensive oxygena- 
tion by whatever means deemed ad- 
the particular 


restlessness. 


possible depression — of 


visable in case is 
essential. 

The importance of adequate oxy- 
genation is illustrated by a case cited 
by McIntosh and McLeay**. The pa- 
tient had severe bulbar poliomyelitis 
both vital centers 
were involved and voluntary respira- 
tion ceased for 12 hours. During this 
time he was maintained in a respirator 
ifter a tracheotomy had per- 


ind encephalitis: 


formed. Then gasping respirations be- 
ran and breathing gradually returned 
to normal. His circulatory center, less 
nvolved, also recovered. 

}) Damage to the circulatory center 

manifested by an irregular, threadyv 
ind rapid pulse (140 to 200) out of 
the fever. The blood 
ressure varies and the pulse pressure 

markedly reduced. The patient ap- 
pears dusky red, is anxious and rest- 
‘ss. With increasing failure the blood 
ressure drops further, the pulse be- 
mes impalpable, and the skin is cold, 
lammy, cyanotic; delirium, coma and 
‘eath follow. It is imperative that in- 
sive oxygen therapy be_ instituted 
i an attempt to tide the patient over 


roportion to 
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the acute inflammatory period. (Sjo- 
berg** advises that the blood pressure 
be taken constantly, because it seems 
to be a sensitive indication of hypoxia. 
When the blood pressure rises to 170 
to 200, the patient becomes ashen gray, 
slightly cyanotic, and is in a_ cold 
sweat. ) 

4) Encephalitic symptoms are anx- 
iety, restlessness, tremors and_ twitch- 
ings, irritability, confusion, lethargy, 
coma and, particularly in children, 
convulsions. 

It should be noted here, as stressed 
by Galloway'*', Brown, et al.2*, and 
others, that these symptoms and the 
symptoms resulting from failure of the 
respiratory circulatory centers, 
can also be caused by cerebral hypoxia 
and anoxia, due to partial obstruction 
of the airway, inadequate function of 
the: muscles of respiration, pul- 
monary atelectasis and edema. Pul- 
monary acidosis from too much re- 
tained CO. can produce a similar pic- 
ture. It is only when the symptoms of 
cerebral irritation and damage persist 
after adequate oxygenation is assured 
and hypercapnea is eliminated as a 
cause, that they should be ascribed to 
viral involvement of the encephalon 
and the medullary centers. 

As an example of this, Galloway™ 
describes a case in which a_ patient 
vith poliomyelitis had progressed from 
confusion and disorientation to com- 
plete coma. The first impression was 
that the symptoms were due to viral 
involvement of the brain. A direct 
laryngoscopy showed that the pharynx, 
larynx and trachea were filled with 
secretion.’ Aspiration gave temporary 
relief. Eventually respiration 
completely for 3 minutes while a_tra- 
cheotomy was done. Secretions were 
aspirated and artificial respiration was 
given until the patient could be placed 
in a respirator. In 45 minutes he was 


ceased 
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conscious and in 2 hours nearly nor- 
mal mentally. 

5) When, in addition to bulbar 
damage, there is severe spinal cord 
involvement with paralysis of the dia- 
phragm and the intercostal muscles 
necessitating the use of a respirator, it 
is essential that a clear airway be 
present. Inspiration forced by the res- 
pirator against a partially obstructed 
airway creates a negative pressure 
which sucks fluid from the pulmonary 
capillaries into the alveoli and_ pro- 
duces pulmonary 
contingency 
pressure, by 


such a 
positive 
preferably by 
tracheotomy tube, should be adminis- 


edema. In 
oxygen under 


mask or 


tered. As noted above, in these cases 
with severe paralysis of the respiratory 
muscles, cough is often impaired, so 
that the patient cannot expel tracheo- 
bronchial secretions effectively. Bron- 
choscopic aspiration, with or without 
tracheotomy, may be required to pre- 
vent or relieve atelectasis. 

SJOBERGS ANGLE Sicn. Although it 
should logically be discussed under 
the “Cranial Nerve Nuclei Group,” it 
has seemed to me that it would be less 
confusing to place it here. According 
to Sjoberg “4, “the angle sign seems to 
be caused by paralysis of the anterior 
neck muscles as well as of the pharyn- 
geal constrictors. There results a con- 
tracture or tonus excess in the 
that is, in the remaining, 
non-paralyzed muscles, which normal- 
ly maintain the larynx in position. Such 
muscles are: the mylohyoideus . . . the 
digastricus and the stylohyoideus. 
The result is that the larynx is pulled 
upward and backward, thus blocking 
the air passage to the trachea. There- 
fore, the epiglottis does not fall back, 
but the opening of the larynx is pushed 
or pulled up under the base of the 
tongue, whereby the patient is suffo- 
cated. . In certain cases, one can 


an- 
tagonists, 


see that the point of the angle is so 
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sharp that a transverse skin fold, which 
divides the bottom of the chin from 
the neck, is extremely deepened. The 
neck appears as if cut off from the bot- 
tom of the chin by a string, . . . as 
though a noose had been placed around 
the neck and pulled tight. In the depth 
of this fold one can palpate the hyoid 
bone. The patients are literally 
strangled or hanged by those remaining 
muscles which are not paralyzed and 
which pull the hyoid bone upward and 
backward. ... This is a warning signal 
from the patient himself that danger 
is imminent. He may suffocate .. . if a 
tracheotomy is not performed imme- 
diately 

Biochemical Changes. Since a_prin- 
cipal problem in this disease is the 
prevention or correction of hypoxia 
and hypercapnea, a brief discussion of 
these changes follows. 

AnoxiA. Galloway", citing animal ex- 
periments by Windle and Becker**, and 
Morrison*", asserts that grave and last- 
ing effects result from periods of anoxia 
as short as 3 to 5 minutes. According 
to Courville’, irreversible changes oc- 
cur after 3 to 8 minutes of anoxia. 
Among the sequelae of oxygen depri- 
vation he lists twitchings, convulsions, 
even decerebrate rigidity, and psychic 
aberrations. Thorner and Lewy** be- 
lieve that a single period of anoxia of 
duration 
of morphologic changes. Mental symp- 
toms of hypoxia occur early; these are 


60 seconds’ leaves evidence 


disorientation 
irritability, unresponsiveness, lethargy 
and coma. Antagonism and combative- 
ness often occur. Galloway' stresses 
the margin oxygen 
want and disaster. He emphasizes that 
cyanosis may be a late symptom o1 
may be missed at night. Restlessness 
is an important early symptom becaus« 
it denotes increased oxygen need anc 
the unwary are tempted to give seda 
tives which may be fatal. 


depression, confusion, 


narrow between 
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The effectiveness of oxygenation can 
be followed by the use of the Milliken 
oximeter and checked by determina- 
tions of arterial oxygen. This instru- 
ment determines the relative concen- 
tration of oxyhemoglobin to reduced 
hemoglobin by means of a photoelec- 
tric cell. It is possible to detect a fall 
in arterial oxygen before the patient 
feels fatigued and before clinical signs 
of hypoxia appear and it helps deter- 
mine the effectiveness of mechanical 
artificial respiration. By its use one can 
determine how long a patient can be 
left out of the respirator. 

The oxveen used 
should ordinarily not exceed 60%, In 
emergencies it may be necessary to use 
LO00% for a limited time. Oxygen under 


pressure of 


concentration of 


about 5 cm. of water in- 
creases the exchange of the gas at the 
alveoli. This positive pressure also 
assists in combating pulmonarv edema. 

If the chest excursions are not strong 
enough to produce expiration against 
positive pressure oxvgen. a mechanical 
respirator is required. unless a Bennett 
flow-sensitive positive pressure unit is 
available.) 

HyPERCAPNEA. The oximeter gives 
no indication of the co-existent state of 
icidosis. The effect of anoxia unon the 
heart is apparently not so great as that 
t excess carbon dioxide. According to 
Seevers*™', hypercapnea first causes an 
ucreased heart rate, later disturbances 
rhythm. 

Blalock, Harrison and Wilson* dem- 
mstrated that carbon dioxide can reach 
langerous levels in the arterial blood. 
ven while oxvgen saturation is still 
iormal. For this reason the oximeter 
annot be relied upon in place of close 
linical observation, and oxygen ad- 
ninistration alone is not enough; a 
lear airway for elimination of carbon 
lioxide is essential. According to Stim- 
on’. a climbing venous plasma car- 
on dioxide combining power above a 
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normal or 62 volumes per 100 cc. is a 
good indication of the need for better 
ventilation. A decrease in the pH of 
the urine is also significant. Gamble** 
cautions that respiratory acidosis gives 
opposite blood findings from those of 
metabolic acidosis and must be inter- 
preted in the light of blood pH and 
compensatory mechanisms. The _ tests 
must be done on arterial or capillary 
blood. 

In patients who receive enough oxy- 
gen, but who fail to synchronize their 
respiratory movements with those of 
the respirator and, which curare (or 
electrophrenic — stimulation ) not 
correct, the cause in many instances is 
overstimulation of the respiratory cen- 
ter by the presence of excessive CO. 
and not involvement of the center it- 
self. When the pulmonary acidosis is 
corrected, the majority of these pa- 
tients synchronize with the respirator 
movements very rapidly. 

Bower and_ his associates’ state. 
“Acutely ill patients placed in respira- 
tors were found to be in profound 
states of respiratory acidosis with svs- 
temic attempts at compensation. Such 
states if not rapidly corrected, were 
soon fatal. This acidosis proved to be 
due to insufficient eradication of CO, 
and occurred despite the offering of 
additional This inadequate 
gaseous exchange and building up of 
CO. in the lungs was due principally 
to pooling of secretions in the upper 
airway, but when this was overcome 
by the liberal use of tracheotomy. other 
major contributory causes became ap- 
parent, among which were plugs of 
mucus occluding bronchi, atelectasis. 
inadequate removal of excessive and 
retained secretions due to insufficient 
or improper aspiration or failure to 
bronchoscope a_ patient when _ indi- 
cated, pulmonary edema, pneumonia or 
pneumothorax. Regardless of cause, 


does 


oxygen. 


170) PROGRESS OF MEDICAL SCIENCE 


pulmonary acidosis ends in death, un- 
less relieved.” 

PorasstuM Dericirency. This can 
arise from excessive loss of saliva, aci- 
dosis and cell destruction and cause 
cardiac muscle weakness. Potassium 
may be given safely intravenously, only 
if checked with careful blood studies. 
It can be given more safely subcuta- 
neously in Darrow’s solution. It is saf- 
est when given by mouth. Therefore, 
feeding by gavage should be started as 
soon as feasible. 

Indications for “Early” Tracheotomy. 
Those workers who advocate the per- 
formance of early tracheotomy main- 
tain that tracheotomy has too often 
been looked upon as a measure of last 
resort and effects have been attributed 
to it which were due to the serious con- 
dition for which it was done, or to the 
fact that intervention came too late. 
They assert that to prevent anoxia is 
better than having to correct it after 
permitting it to happen, since damaged 
nervous tissue is particularly suscepti- 
ble to oxygen lack and this damage is 
usually irreversible. If tracheotomy can 
avoid even one period of severe 
anoxia in these cases, it would be 
worth while, since the margin between 
life and death in these patients is so 
narrow that one such episode may kill 
them. This group of workers feel that 
early elective tracheotomy performed 
before respiratory obstruction and 
anoxia can occur is the ideal treatment 
and in selected cases it is a life-saving 
measure. Thev admit that a number of 
these tracheotomies may be needless, 
but argue that the danger of waiting is 
much greater than that of operating. 

If the patient has not improved on 
properly applied postural drainage, as- 
piration and administration of oxygen 
and fluids, if he is increasingly restless, 
disoriented and exhausted, they main- 
tain that a tracheotomy should be done 
at once rather than wait for a failing 


heart, marked cyanosis or coma, be- 
cause by then irreversible changes may 
have taken place. The appearance of 
laryngeal stridor, dyspnea despite ade- 
quate chest excursions, cyanosis and 
severe encephalitic symptoms indicates 
serious obstruction of the airway and 
requires an immediate tracheotomy. In 
a desperately ill patient they consider 
it more dangerous to delay a trache- 
tomy than to perform it. They feel that 
a tracheotomy is essential in many of 
these patients who are put in a respira- 
tor because the mechanical respiratory 
excursions will produce severe pul 
monary edema if there is any obstruc- 
tion to the airway. Some workers as 
sert that in patients unable to swallow 
a tracheotomy is required as soon as 
secretions accumulate the oral 
pharvnx. Miller and Buck?! maintain 
that secretional obstruction of the res- 
piratory tract is the outstanding indi- 
cation for tracheotomy, rather than 
paralysis of the vocal cords which is 
a rare complication. Another indication 
advocated by Sjoberg** 
ance of the “angle or rope dent” sign 


is the appear- 


described above, which is indicative of 
imminent asphyxia. It is stressed that 
the patient should not be allowed to 
sink into coma because of the fatalistic 
attitude that the condition is due to 
the virus infection, since the symptoms 
of anoxia can simulate those due to a 
severe infection. Strobel and Canfield** 
state that indications for tracheotomy 
are not always obvious. A patient with 
an apparently mild paralysis may have 
severe respiratory difficulty in an 
alarmingly short time, while a patient 
with bulbar signs that seem to be 
rapidly progressing may recover al 
most completely over night. 

In these cases the importance 0 
tracheotomy is that it accomplishes 
by-pass allowing air to enter th 
trachea without being sucked throug! 
the pharvnx, thus preventing secretio 
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from being drawn into the lower air- 
way. Other advantages of tracheotomy 
are easy removal of mucus and secre- 
tion from the respiratory tract, ability 
to bronchoscope the patient through 
the tracheotomy opening without  re- 
quiring his cooperation for the emerg- 
ency removal of mucous plugs, either 
when in or out of the respirator, easier 
maintenance of adequate oxygen ten- 
sion, and in facilitating the treatment 
of pulmonary edema by applying posi- 
tive pressure. 

\ composite view of the indications 
for early, elective tracheotomy advo- 
cated by these workers (Galloway"™™, 
Seifert’, Priest®®**, Goltz*°*_ Boies*®, 
Bower’, West*®, Brown’, Baker?, 
Intosh**, McLeay**, McLorinan**, Gru- 
lee and Panos'®, Sjoberg**, Miller and 
Buck**, Mitchell and Hill*’, Peterson 
ind Ward**, Younger Koller*?, 
Strobel and Canfield**, and others) is 
ow outlined. They advise trache- 
otomy: 

|) When, in spite of proper postural 
lrainage and continuous pharyngeal as- 

ration, it is impossible to prevent 

ling of secretions in the pharynx, 
ulting in spill-over into the airway, 
th laryngeal stridor, rales in the 
est, respiratory distress recur- 
t cvanosis; in short, when there is 
cressive hypoxia accompanied by 
presence of secretions in the 
With stupor or irrationality suf- 
ut to make the patient oblivious 
ie accumulation of secretions in his 
iv. particularly if he is in a res- 
or. 
If there is fluid accumulation and 
patient later requires a respirator. 
In the presence of excitement and 
inageability, causing the patient 
sist pharyngeal aspiration strenu- 


If there is unconsciousness or pro- 
ced restlessness in a patient who 
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does not respond to other treatment in 
a few minutes. 

6) If there is pronounced restlessness 
(which often air hunger) or 
stupor in a patient in a respirator, even 
if paralysis is apparently only of the 
spinal type. 

7) When there is clinical or Roent- 
gen-ray evidence of atelectasis, pneu- 
monia, or pulmonary edema due _ to 
secretion in the lower airway. 

8) In the presence of rapidly pro- 
gressive bulbar symptoms. 

9) In the presence of grave signs 
of vasomotor or respiratory center 
failure. 

10) When there is inability to cough 
effectively, especially if the patient is 
in a respirator. 

11) When there is bilateral paralysis 
or spasm of the vocal cords. 

12) On the appearance of the “angle 
or rope dent” sign (Sjoberg**). 

13) If the attendants are untrained 
or inefficient and the equipment is in- 
adequate. 

Galloway feels that lack of coopera- 
tion is more often a sign of anoxia than 
a matter of temperament. In doubtful 
cases he maintains that it is safer to 
perform a tracheotomy than to wait 
and, therefore, the operation should be 
performed more often, not less often, 
when the attending team has had little 
experience with the disease. 

Seifert’® stated: “I have seen and 
taken care of patients with poliomve- 
litis for 18 years. Patients with bulbar 
poliomyelitis of the same type that 
we have seen in the last two and a half 
vears have died under my care before 
this. It took a supervising nurse and a 
laryngologist to teach me that there 
was something to do about bulbar 
poliomyelitis.” 

Sjoberg** asks us to remember, “ 
that the condition of these patients 
whose lives have now been saved, was 
before considered quite hopeless, and 


means 
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they invariably died of suffocation. . . . 
So far, thanks to tracheotomy, 12 of 14 
patients whose condition was consid- 
ered hopeless up to now, have been 
saved.” 

Mitchell and Hill?* 
that tracheotomy in addition to other 
can 


are convinced 
measures save the lives of some 
bulbar poliomyelitis patients that 
would otherwise die. Their 1949 mor- 
tality rate was only 10.2% (of 39 bulbar 
poliomyelitis patients, 10 were sub- 
jected to tracheotomy; of these. 4 
died). In 1946 the mortality rate in 
their bulbar poliomyelitis patients was 
33.3%; in 1948 it was 39%. 

Miller Buck** 388 
cases of bulbar poliomyelitis in the 
1948 epidemic in Los Anveles. Of 
these, 198 (51.0%) had a tracheotomy. 
The total mortality rate in the group 
was 28.87; the mortality rate of the 
tracheotomized patients 38.8% 
They are convinced that many would 
have died of anoxia, atelectasis, pul- 
monary edema or pneumonia if trache- 
otomv had not been done, and the\ 
feel that early tracheotomy cannot be 
the management of 
acute bulbar poliomyelitis. Thev as- 
sert that tracheotomy saved at least 
half of the patients of a tvpe who 
previously died. 

The Arguments Against Early, 
Prophylactic Tracheotomy. In general. 
workers in the East that 
tracheotomy is seldom necessary if the 


and reviewed 


Was 


overstressed in 


maintain 


patient is given expert management 
and care. 

Wilson*!-** stated that tracheotomv 
is a radical step. often life-saving and 
often dramatically effective. However. 
he felt that it is necessary only in a 
small fraction of the cases of bulbar 
poliomyelitis. Several other workers 
(Stimson**, Shaw, Pierce and Ander- 
son. Boines®, Elkins?2, Hoyne?°. Wessel- 
hoeft®®. and others) have seldom seen 
any indication for tracheotomy. 
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the 
that tracheotomy 


Elkins'*, writing 
Clinic, stated 
been indicated in only a few cases. 

Boines® states that the only true phy- 
siological indication for tracheotomy is 


Mayo 


has 


paralysis of the larynx and vocal cords 
The accumulation of oral secretions in 
the pharvnx is not an indication because 
this condition can be managed success 
fully with experienced medical and 
nursing personnel. In the absence of 
experienced personnel, the necessity for 
tracheotomy must be decided upon as 
the emergency arises. He cites his ex 
perience with 67 cases of bulbar polio 
myelitis, treated in the Doris Memorial 
Contagious Unit of the Wilmington 
General Hospital. Thirteen, (207), died 
due to involvement of the respiratory 
center. Of the remaining 54 cases, 26 
had severe involvement with compli 
cations, but recovered without the us¢ 
of tracheotomy or respirator; ther 
maining had moderate involvement and 
recovered. 
Stimson*® 


cations for tracheotomy 


cites the following indi 
in poliomy 
litis: 1) Bilateral abductor paralvsis of 
the This 
chanical obstruction which must be by 
passed. 2) Inability to keep the airwa\ 
Some 


good teamwork can be notably mor 


vocal cords. causes Tite 


reasonably clear clinics 
successful in this than others that are 
overcrowded or have inadequate and 
untrained personnel. 3) Progressive |i 
poxia, not otherwise correctible. H 
that the following conditions 
which have been cited as indications 
for tracheotomy are insufficient  indi- 
cations. 1) Inability to cough. 2) In- 
ability to swallow. 3) Any laryngeal i 
volvement besides bilateral abductor 
paralysis. 4) Pulmonary edema. This 
requires positive pressure artificial res- 
piration, but besides through a trac! 
tomy tube, this can be given by mask 
or by a hood on a respirator. 5) At: lec: 
tasis. This, he believes, requires im: 


states 
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mediate suction which can be better 
done visually by means of broncho- 
scopy, than by blind suction through a 
tracheotomy tube. 

collected the figures of 6 
hospitals trom Detroit to Boston total- 
ing 1751 cases of poliomyelitis admit- 


Stimson’? 


ted in 1949: among these were 311 bul- 
bar and bulbospinal cases. Comparing 
the statistics from the 6 hospitals with 
the statistics in the Los Angeles epi- 
demic of 1947, he states that of 603 
bulbar poliomyelitis patients in Los 
\ngeles, 354 were subjected to tracheo- 
tomy; of the 311 bulbar cases in the 
Eastern hospitals, only 19 were so 
treated. Thus more than 50% of the bul- 
bar patients had tracheotomies in Los 
\ngeles compared with only 6% in the 
Kastern hospitals; in other words, more 
than 1 out of every 10° patients ad- 
‘itted with poliomyelitis had a trache- 
tomy in Los Angeles, but only 1 in 
ibout 100 had a tracheotomy in_ the 
astern hospitals. The mortality rate 
f the bulbar cases in Los Angeles was 
14%. with an overall mortality rate of 
iv: the mortality rate of the bulbar 

lio cases in the Eastern hospitals was 


with an overall mortality rate of 


It should be 
ther statistics from the Los Aneceles 
unty Hospital show that in 1949. 
re were 1128 cases of poliomvelitis 
nitted to the hosnital. Of these 105 
re tracheotomized, roughly 1 out of 


noted. however, that 


There were 22 deaths: a general 
rtality rate of only 1.95%. This is an 
mple of the danger of comparing 
stics where similar conditions do 
prevail.) 
stimson®® states that Van Riper, the 
lical Director of the National 
indation for Infantile Paralysis, 
ted in 1949 that there was generally 
arkedly lessened tendency to do 
heotomies from that which he had 
erved in the preceding vears.” 


In general the disadvantages of 
tracheotomy are cited as follows: 

1.) The bulbar poliomyelitis patient 
is already weak when the ordeal of 
added; the patient 
needs rest and a minimum of handling; 
the loss of the power of speech adds to 
the apprehensiveness. 

2.) Special equipment and nursing 
care are needed for the administration 
of humidified air, oxygen and for aspir- 
ating. 

3.) Children must be kept well re- 
strained to prevent them from pulling 
out the tube. 

1.) Tracheotomy delays the return of 


swallowing by 2 weeks or longer. 


tracheotomy — is 


5.) The tracheotomy tube narrows 
the airway and acts as a foreign bods 
to increase tracheal secretions. There is 
frequent crust formation which causes 
obstruction. 

6.) Constant experienced nursing care 
around the clock is necessarv in order 
to avoid sudden suffocation due to ob- 
struction of the tube, since the patient 
cannot call for help. Suction of the 
pharvnx must still be continued to pre- 
vent saliva from entering the airwav. 

7.) The constant suctioning of the 
trachea by the catheter causes inflam- 
mation, trauma and secondary  infec- 
tion. Repeated bronchoscopy mav_ be 
through the tracheotomy 
opening due to crust formation. 

8.) Complications of tracheotomy 
may be pneumothorax and mediastinal 
emphysema; in respirator cases there 
may be prolonged post-operative 
bleeding from the wound. 

9.) Delayed healing of the trache- 
otomy wound and stenosis of the 
trachea can occur. 

10.) There is always a certain amount 
of surgical risk. 

Boines® states that there is no ques- 
tion that tracheotomy performed 
where obstruction of the airway can- 
not be relieved by other methods is 


necessary 
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However, he feels that 
good medical and nursing care by 
specially trained personnel will save 
more lives in bulbar poliomvelitis than 
anv surgical procedures. 

Areas of Reconciliation. The prepon- 
derance of opinions in American and 


lite-saving. 


foreign literature favors the perform- 
ance of early, elective tracheotomy as 
a life-saving measure. However, one 
should not be swaved by mere num 
bers, because it is only natural that 
workers performing tracheotomy (or 
any other procedure that is relatively 
new) will be inclined to write about it. 
whereas those who are relving upon 
older less dramatic methods will be 
less apt to “break into print” for the 
sake of denying the need for trache- 
otomy. When we compare the  statis- 
tics from Los Angeles, where one out 
of every 2 bulbar polio patients was 
tracheotomized, with the reports from 
Eastern hospitals (see Stimson**) where 
only one in 20 was tracheotomized, a 
ratio of about 10 to 1, we realize what 
a wide gulf separates the two schools 
of thought. Heartwarming reports of 
dramatic and even miraculous recov- 
eries following emergency trache- 
otomy in individual cases tend to pale 
when mass fieures of comparative mor- 
tality rates from different sections of 
the country are placed under the cold 
light of statistical analvsis. On the 
other hand. individual workers attest 
both by their clinical experience and a 
comparison of their own mortality 
rates, before and after the use of 
tracheotomy, the unquestionable value 
of early operation. However, the un- 
disputed wisdom of performing trache- 
otomy in certain selected cases does 
not necessarily apply to the many 
others that have been performed “pro- 
phylactically”. 

During the last 20 years, with the 
general improvement in the technique 
of tracheotomy and especially with the 


greatly improved after-care, surgical 
morbidity and mortality have been 
greatly decreased, so that there has 
been a general tendenev to perform 
the operation earlier and more often. 

All agree that hypoxia and hyper- 
capnea are constant threats which 
must be combatted by all possible 
means and in selected cases trache- 
otomy is unquestionably a very effec 
tive means. The crux of the problem 
is to decide which patient will prob 
ably live without 
which will 


tracheotomy and 
probably die unless a 
tracheotomy is done. All the indica 
tions previously outlined require ex 
perienced evaluation in each individ 
ual case, and these patients have to be 
under constant observation by care 
fully trained personnel, so that crucia 
decisions be made at the proper time 
For examople, a patient with an appar 
ently mild paralysis may develop 
severe respiratory difficulty in a ver 
short time, while a patient with bulba 
signs that appear to be progressing 
rapidly may recover almost complete! 
over night. 

There is no question that a trache 
otomy should be performed in thos: 
cases where there is a clear indicatio: 
of respiratory. obstruction which = ca 
not he rectified by anv other means xt 
the command of the attending phi 
icians. Also, in those cases where 


patient desperately ill a 


tracheotomy seems a verv danger 


procedure, experience has shown tl 
the vatient should be. given the benefit 
of the doubt and the operation per- 
formed, in spite of the understanda 
reluctance on the part of the surge 
The charge by some workers that 
operation is mutilating seems trivia 
of what moment are esthetic con 
erations in a matter of life and deat! 
Furthermore, if a tracheotomy is pi 
erly performed and the post-opera‘i' 
care is excellent, I have never felt ‘ha: 
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the operation per se is particularly 
harmful. In these cases, if some avoid 
able tracheotomies are performed, | 
feel certain that they will not alter the 
vital statistics. Theretore, in those in- 
stitutions where expert care is con- 
stantly available, the performance of a 
will not the 


tracheotomy enhance 
danger, but on the other hand. 
the 


inoxia in a small number of cases. 


prevent Occurrence of sudden 

It has been stated that tracheotomy 
is more necessary when the attending 
team has had meager experience with 
the disease; that if all personnel were 
thoroughly trained and the mechanical 
perfect, — tracheotomy 
might seldom be .required, but that 


irrangements 


miforeseen failures occur too easily. As 
example, Galloway'®'" cites an in- 
stance where an assistant substituted a 

. fine medicine dropper tube for a prop- 
glass connecting tube and thus pre- 

1 ented proper aspiration which made 
emergency tracheotomy necessary. 

He tells of another patient who re- 

ved improper aspiration for 2 half- 

ir periods resulting in anoxia and a 

sé erebrate state. However, this does 
valid reason for 
ly. prophylactic operation, because 
I post-tracheotomy care can lead to 
iratory obstruction with the same 
results. It is difficult for me_ to 
in the light of my past experience 
the general caliber of post-trache- 

iv care, why there would be any 
lihood of improved care of a tra- 
bulbar patient by the 
tvpe of untrained and incompe- 

personnel as existed prior to the 

eotomy. Certainly the lack of 

ng and unfamiliarity would not 
abruptly merely with the per- 
‘ice of a miraculous tracheotomy; 

natter of fact tracheotomy might 

complicate the treatment in such 

uation. Where neither the equip- 

nor the personnel is adequate, 


strike me as a 


r- tomized 
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then it would that the 
early, elective. so-called “prophylac 
tic” tracheotomy could very well be 
deferred until there is a clear indica- 
tion for operation. Actually — these 
cases require expert care and excellent 
equipment; otherwise, no matter what 
is done, the results will be poor. 

All efforts should be made to get the 
patient to relax and cooperate; confi- 
dence must be instilled in them and 
any appearance of anxiety and excite- 
ment must be avoided. Certainly in a 
patient who is emotionally unstable 
and will not cooperate, the wiser thing 


seem to me 


would) be to perform  an_ earlier 
tracheotomy. 
There are times when it may be 


extremely difficult to tell whether a 
patient's respiratory difficulty is due to 
central disturbance of the respiratory 
center or to pharyngeal secretions. In 
that case a bronchoscopy could be 
done for verification or even a_tra- 
cheotomy would be justified even 
though it might prove to be ineffective. 

Piszcezek*" states that, “. . . . the de- 
cision whether or not a patient can be 
benefited by tracheotomy is a_ very 
serious matter. A tracheotomy may be 
of great value when the patient has a 
continuous problem with his salivary 


and bronchial secretions I have 
observed several almost miraculous 
recoveries following tracheotomy, 


while, on the other hand, T have seen 
a few fatalities immediately following 
surgery. I feel, however, that if there 
is a consistent ‘drainage’ problem of 
the salivary and bronchial secretions, 
a tracheotomy should be done.” 
Wilson'* feels that tracheotomy is 
a radical step but is often life-saving. 
All will agree with him when he says, 
“If the pharvnx cannot be kept clear 
enough so that the patient can get the 
needed rest, a tracheotomy should be 
done... In a patient with pharyngeal 
paralysis whose every breath must be 


176 
calculated and planned and con 
tinual alert 
order to expel accidentally aspirated 


must be maintained in 
secretion, tatigue gradually develops 
This must certainly be prevented.” 

It is certainly a difficult matter to 
decide at which point in the course of 
the disease a tracheotomy should be 
done, if it is to prove life-saving, be 
cause there is usually no single sharply 
defined abductor 
paralysis of the vocal cords, which re- 


indication, except 
quires immediate tracheotomy. How- 
ever, when proper postural drainage 
and aspiration (both pharyngeal and 
bronchial) are ineffective allowing 
the patient to rest and sleep, a trache- 
otomy is necessary and one ought not 
to wait for severe choking attacks with 
cvanosis to prove its necessity. 

Finally the criteria for the perform 
ance of a tracheotomy cannot be hard 
and fast: each case is a law unto itself. 
The decision will depend upon the 
physician's experience in the manage- 
ment of these cases. The adequacy of 
the facilities at his disposal, including 
the quality of nursing care, must be 
important factors in this decision. 

In general, the larvngologist plays 
a minor part in the polio team, but in 
this 
pared to share a large part of the 
responsibility. Therefore, he should be 


group of cases he must be pre- 


asked to see these patients early, so 
that he can observe them in the light 
of his specialized experience and de- 
termine the type and progress of ob- 
structive factors. This would help him 
determine the most propitious time to 
intervene, before serious damage can 
occur from anoxia. In smaH communi- 
ties where there is not enough polio 
to give each man adequate training 
the handling of 
these cases, a polio team should be set 
up, the direction of the 
transferred to this team. Cer- 
tainly at least 2 laryngologists should 


and experience in 


and severe 


cases 
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be part of the team, in order that one 
could be on constant call. 

Technique of Tracheotomy. The per- 
formance of a routine tracheotomy will 
not be discussed here. (For a descrip 
tion of the minute details concerning 
this operation the interested reader. is 
“Acute 
published 


referred to the writer's book 
Larvngotracheobronchitis. 
by Grune & Stratton, 1949 


considerations required because of the 


Special 


unique conditions that obtain in polio 
mvelitis, particularly when the respi 
rator has to be used. are outlined 
below. 

If time permits and the patient can 
understand, it would be wise to explain 
that he will be unable to talk after th 
operation, but will again be able t 
speak at a later date 
MAY be 


1) Tracheotomy performes 


either under local anesthesia or bi 


means of endotracheal anesthesia 
whichever is deemed more suitable. In 
children particularly, a general 
esthetic is recommended, some prefer- 
ring the use of avertin. If necessar 
curare may be given to relax the neck 
muscles and make the head freel 
movable. 

2) Use of the bronchoscope If ther 
is little or no respiratory obstruction 01 
if a patient's lack of cooperation pr 
cludes its use, the bronchoscope may 
he dispensed with. In all other cases 


it is wiser to insert bronchoscopt 
or endotracheal tube), both to assure 
breathing the 


and to act as a guide upon which t 


free during operatior 
cut down. This will help prevent. th: 
development of pneumothorax id 
mediastinal emphysema. In the evcut 
that there is paralysis of the vocal 
cords or severe larvngeal ‘spasm i] 
endotracheal tube is essential, a 1 ish 
obviously being ineffective. 

3) so-called 
through the 


should be 


tracheotc 
tracheal ng 
that 


high 
second 


performed, so 


t 
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respirator is later required the trache- 
otomy tube will remain on the outside. 

1) Be prepared to cope with bleed- 
ing from the isthmus of the thyroid 
‘land which may have to be cut. 

5) Always use the largest tube that 
can be inserted comfortably, being 
areful that there is no excessive pres- 
necrosis of 
the cartilage. In children, be sure that 


sure, which could cause 
the tracheotomy tube does not rest on 
the bifureation of the trachea. Some 
have advised cutting off the end of 
the tube in such a situation; my prac- 
tice has been to add 2 or more gauze 
pads placed under the flange of the 
tracheotomy tube. This will keep the 
tube from extending too far down the 
trac hea. 

6) If the patient is to be placed in 

respirator immediately following 
tracheotomy, respirations can be main- 
v the of tight-fitting 
nesthesia mask, with oxygen insuf- 


tained by use a 
Hated by manual pressure of the bag. 


lf a Bennett flow-sensitive positive 
ressure machine is available, this can 
used during the operation. In_ this 
iy the tracheotomy is done under a 
osed system of anesthesia, preferably 
er a bronchoscope. 
If the patient is already in a 
breathe well 
ugh to permit carrying out a tra- 


pirator and cannot 
eotomy with the respirator opened 
the following techniques may be 

ployed: 

Using a positive pressure mask 
inet or other type) the patient can 
pulled far down into the opened 
irator, but with the head still out- 

; With this technique the neck 
; st be pulled up through the collar 
r the operation and the respirator 
sed and turned on as soon as the 
hea is opened. A finger should be 
ed over the tracheotomy tube 


ning and the positive pressure 
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oxygen continued until all is ready and 
the respirator is working again. 

b) The patient’s body, including the 
head, may be pulled down inside the 
opened respirator and the anesthetic 
or oxygen can be applied through the 
collar opening of the respirator. As 
soon as the trachea is opened the oxy- 
gen tube is attached directly to the 
tracheotomy tube and the patient's 
head and neck drawn through the col- 
lar opening. This latter method has 
been deemed more suitable. 

Another suggestion for keeping a 
respirator patient out of the respirator 


is the use of the Electrophrenic 
Respirator. 
A number of devices to hold the 


rubber collar away from the tracheot- 
omy tube have been suggested. Some 
of these follow: 

Galloway'® advises the use of a “gray 
iron” bar 3s inch by %4 inch bent at a 
suitable angle and held under the iron 
flange over the neck outlet to hold the 
collar away from the tube. 

Miller and Buck** also use a metal 
flange to hold the rubber collar down 
and away from the tracheotomy 
wound. 

Bower et al.®° use a spoon-shaped 
device which presses the flexible collar 
away from the tube. Patients do not 
like the sponge rubber respirator col- 
lar. Therefore it is kept away from the 
neck, but retained in order to support 
an additional thin koroseal diaphragm 
snug at the neck. Soft towels are 
placed around the neck inside of the 
machine; this seals better and is more 
comfortable. There is also a diaphragm 
with a zipper on the market. 

Allen and Landmesser' describe the 
emergency of abdominal re- 
tractor, a roll of l-inch gauze and a 
band of 2-inch stockinet, 18 inches 
long, stuffed with cotton. “The retrac- 
tor blade is hooked underneath the 
anterior margin of the rubber respi- 


use an 
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rator collar from within the respirator, 
and the collar is retracted toward the 
patient's suprasternal notch. A double 
length of l-inch roller gauze is tied to 
the retractor handle and brought up 
through the hole provided by removal 
of the screw plug from the top center 
surface of the respirator cylinder. 
When the proper amount of tension 
has been applied to the roller gauze to 
provide sufficient retraction of the res- 
pirator collar, the screw plug is re- 
placed, and the roller gauze is thereby 
fastened at the point from which trac- 
tion proves to be at an optimum angle 
to prevent leakage from distortion of 
the collar. The band of cotton-padded 
2-inch stockinet is wrapped comfort- 
ably around the patient’s neck to pre- 
vent minor leaks and chafing. A soft 
gauze pad may be placed under the 
retractor handle so that it rests com- 
fortably on the patient’s chest.” 

Strobel and Canfield** advise the 
use of a special collar which should be 
used whenever there is the possibility 
of a tracheotomy on a respirator pa- 
tient, because the time spent in chang- 
ing the usual foam-rubber collar of the 
respirator to the tracheotomy collar is 
often greater than the time needed for 
the tracheotomy. 

Peterson and Ward** advise the use 
of a collarless respirator devised by 
Monaghan when doing a tracheotomy 
on a respirator patient. . 

The writer has used a ribbon ab- 
dominal retractor placed horizontally 
between the steel collar and the res- 
pirator. It was molded so that it 
pushed the rubber collar toward the 
respirator, holding it away from the 
tracheotomy tube. This was used in an 
emergency and proved both simple 
and satisfactory. 

Bower and his associates* have de- 
veloped an improved tracheotomy 
tube in order to overcome some of the 
objectionable features in the standard 
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tracheotomy tube, as they apply to its 
use in tracheotomized respirator pa- 
tients. They also have special adapters 
for connecting the mobile Bennett 
positive pressure respirator units to: 


the tracheotomy tube and_ broncho- 
scope. 
Post-Operative Care. AspirATION, 


Secretions should be removed at inter- 
vals of 15 to 30 minutes, as best suited 
in the particular case. The catheter 
should have smooth rounded ends and 
only one or 2 side openings. Nurses 
must be taught to use extreme caution 
and gentleness. In order to avoid 
trauma to the tracheal mucosa the rub- 
ber tube should be pinched off during 
its insertion, which is timed with in- 
spiration. When necessary, the rubber 
tube should be inserted down to the 
bronchi in order to remove inspissated 
plugs. The catheters can be sterilized 
in a solution of Zephiran, 1:5000. 
PostruRAL Dratnace. The foot of the 
bed or respirator should be raised at 
an angle of 25° to facilitate drainage by 
gravitv. However this should be done 
only for a period of 5 to 10 minutes 
out of hour, 
periods cause a marked fall in the 
tidal air. as demonstrated by Bower 
and his associates®. It is a good idea to 


every because longer 


instill a half dropper-full of a solution 
of sterile 3% sodium bicarbonate, nor 
mal saline solution or penicillin (5000 
units per cc.) before raising the foot ot 
the bed, and then aspirating while th 
head is lowered. The patient should 
also be encouraged to cough at this 
time and helped by placing the finge: 
over the tracheotomy opening durin: 
expiration. If the patient is unable t 
cough, he can be helped by applyin 
manual pressure to the thorax. 
HumipiricaTion. The patient shoul: 
be in a warm, moisture-laden atmo: 
phere, with the temperature about 70 
to 75° F. and the relative humidit 
80 to 90%. If the patient is given ox\ 
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gen, carbon dioxide moisture 
should be added. 
Feepinc. An adult should receive 


from 2500 to 3000 ce. of fluids, roughly 
in the proportion of one-third isotonic 
sodium Ringer's solution 
and two-thirds of 5% dextrose in water. 
It is important to see that the patient 
does not become dehydrated so. that 
viscid. Over- 
cerebral or 
pulmonary edema. After the first few 
days a protein hydrolysate and_ vita- 
mins (500 mg. B complex and 500 mg. 
ascorbic acid) may be given intrave- 
nously Cavage feeding can be started 
after the patient begins to swallow. 
VENTILATION, 


chloride or 


the secretions get too 


hydration can result in 


\ newly devised res- 
ventilation (Bennett)® 
has been helpful in determining wheth- 
er the patient in the respirator is ob- 
taining adequate ventilation. By setting 
the negative respirator pressure and 


piratory meter 


various 
strengths and checking the meter, op- 
timum arrived at. 
The must be 
checked carefully and regularly sev- 


positive oxygen pressure at 


pressures can be 
rates and pressures 
eral times a day. It has been found 
that in tracheotomized respirator cases 


added 


there is less variation in the 


receiving positive — pressure 
breathing, 
pH of the blood and a significant de- 
rease in the frequency of pulmonary 
icidosis. 
Antipiotics. Penicillin should be 
riven routinely in these cases to com- 
hat and prevent infection. Terramvein 
i be given intravenously. Penicillin 
av also be given as an aerosol. 
THE CHEST. 
hese should be taken routinely after 
ie tracheotomy and whenever war- 
inted thereafter. 
REMOVAL OF 


ROENTGENOGRAMS OF 


TRACHEOTOMY TUBE. 
ie tracheotomy tube should not be 
noved until quite some time after 
e patient is out of the respirator, be- 
‘use many patients get repeated epi- 


79 
sodes of atelectasis, due to their 
inability to cough effectively. It would 
he wiser to leave the tube in too long 
rather than too short a time. The tube 
should first be plugged for 2 days to a 
week before removing it entirely. 

Nursinc. These patients present a 
very difficult nursing problem. There- 
fore, only highly 
well trained in the care of tracheot- 
omized patients, should be assigned 
to these cases. An inexperienced nurse 
may fail to prevent or correct an epi- 
sode of cyanosis which may lead to a 
fatal It devolves upon the 
attending physician to instruct each 
nurse in the care of each individual 
patient pointing out the problems, the 
dangers and the treatment in the most 
detailed manner. 

Positive Pressure Oxygen Apparatus. 
Glaser'® designed a positive pressure 
oxvgen apparatus primarily to remove 
accumulated secretions from the 
pharynx, but no provision was made 
for humidification of inspired gases or 
control of inspiratory and expiratory 
pressures. Kubicek et al.*! discuss the 
physiology of respiration during polio- 
mvyelitis and describe the construction 
and operation of a tracheotomy inha- 
lator which provides humidification of 
the inspired air and has simple ar- 
rangements for the optional use of 
positive pressure during expiration and 
for increasing the positive pressure on 
inspiration in case of emergency. This 
inhalator can be made in a few hours 
almost entirely from stock laboratory 
supplies and hospital oxygen therapy 
eauipment. It requires a special fitting 
called a T-1 attachment, by which the 
tracheotomy tube is attached to the 
inhalator. 

Its use is valuable because after tra- 
cheotomy the tracheal secretions are 
thick and viscid and tend to obstruct 
the airway. This is an especially im- 
portant problem when there is super- 


competent nurses, 


outcome. 
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imposed paresis of the diaphragm and 
intercostal muscles. When needed, 
greater humidification is obtained by 
nebulizing saline or penicillin solution 
directly into the tracheotomy tube. 
The easily visualized excursions of the 
breathing bag and the intermittent 
bubbling of the expired air through 
the manometer facilitate the observa- 
tion of critical patients by the special 
nurse. By proper use of the inhalator. 
the physician can determine the indi- 
cation for suction of the tracheo- 
bronchial tree below the level of the 
tracheotomy. (A simple way to judge 
the need for aspiration is to place the 
tip of the fingers over the tracheotomy 
opening and note whether there is a 
strong, free blast. A. H. N.) Such aids 
are useful during an epidemic. The 
inhalator is not a device for artificial 
respiration. 

The Bennett® flow-sensitive intermit- 
tent positive pressure breathing unit is 
a mobile pressure breathing and resus- 
citation apparatus which has been of 
great value in the emergency manage- 
ment of polio patients with respiratory 
paralysis and in those requiring an- 
esthesia. For example, it has been used 
for quick artificial respiration to trans- 
port and maintain the patient before 
placing him within the respirator, to 
maintain respiration during tracheot- 
omy, for pressure breathing therapy 
(especially when using 60% helium, 40% 
oxygen mixture for 10 minutes out of 
the hour to overcome atelectasis), to 
maintain respiration when the mechan- 
ical respirator failed mechanically and 


to help in expanding the lungs of post 
respirator patients. This unit differs 
from other resuscitators in that it is 
flow-sensitive. Therefore, in addition to 
providing automatic cycling at any 
given rate and pressure desired, it also 
permits the patient to control the 
eveling rate and rhythm. The control 
valve is so designed that it automatical- 
ly adapts itself to the patient's breath- 
ing, rather than requiring the patient to 
adapt his breathing to the valve. Thus, 
if the patient initiates his own breath- 
ing, the flow-sensitive Bennett valve 
instantly follows the patient's breath- 
ing pattern, and the automatic cvcling 
stops. It starts again only if the patient 
stops breathing or slows down to an 
inadequate rate. This unit can be at- 
tached to the standard type respirator 
thus providing positive intra-tracheal 
(or mask) pressure during inspiration, 
while permitting free expiration into 
the atmosphere at zero pressure. In 
addition there is provided a humidi- 
fier attachment to this unit to prevent 
thickening and crusting of secretions. 

Summary. A general review of the 
problem of respiratory obstruction in 
bulbar poliomyelitis together with the 
pros and contras of early tracheotomy 
in these cases has been presented. An 
attempt was made to find middle 
ground which could serve as a_ basis 
for treating these desperately ill pa- 
tients. Special points in the perform- 
ance of tracheotomy and the after-care 
as related to the unique conditions that 
obtain in bulbar poliomvelitis have 
heen outlined. 
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DIAGNOSTIC AND EXPERIMENTAL METHODS IN 


PuUBERCULOs!IS. By HeENryY Stuart WILLIS, 
M.D., Supt. and Med. Dir., North Carolina 
Sanatoria, McCain, N. C and MARTIN 


Marc Cum™mincs, M.D., Dir., ‘Tubercu 


losis Res. Lab., Lawson V. A. Hosp., Chamb- 
lee, Ga. 2nd ed. Pp. 394; 43 ills. Spring 
field, Ill.: Charles C Thomas, 1952. Price, 
$10.00. 

THis book should have an_ enthusiastic 


reception by students, general practitioners 
pulmonary disease specialists and laboratory 
workers alike, for there 


such a clear and practical presentation of the 


nowhere else 1S 


fundamental laboratory aspects of tubercu 


losis. Phe vuthors ot this thoroughls revised 


edition have achieved a happy blend of im 
portant background information and concise 
explanation of various labora- 
both diagnostic and ex- 

While 
issues which await final decision, such 
is BCG vaccination, the proper use of tuber- 
culin and the relation of allergy to immunity, 
taken 
conflicting points of view 
The bibliography. 


invaluable source of 


step-by-ste p 
tors procedures tor 
tour hing on 


perimental purposes 


many 


position has been which 
slights the 


nor adds to controversiality 


i moderate 
neither 


in itself, constitutes an 


references in the evolution of laboratory 


pro- 
cedures in tuberculosis. All in all, the book 
an be heartily recommended either for the 


ibrarv shelf or to be ke pt open on the labora 
tory table D.O 


OrAL MEDICINE. DIAGNOSIS AND TREATMENT 
By Lester W. Burkert, D.D.S., M.D., Prof 
Oral Medicine and Dean, Univ. of Pa 
School of Dentistry. 2nd ed. Pp. 575; 372 
ills., color. Philadelphia 
2B. 1952. Price, $14.00 

DENTIsTRY is basically a part of Medicine 

By reason of its highly specialized nature and 
particularly technical aspects, it 

became completely separated from the par 

ental stem, in some respects to the detriment 
of both. It is significant that at the 
sity of Pennsylvania 


including 40 in 
Lippinc ott 


its specific 


Univer 
been long 
recognized the need for a closer relationship 
between fields. In part, this was 
achieved by correlated teaching in the basic 
sciences and recently in 
clinical 

Internal 


there has 


these two 


more correlated 


Then a 


Medicine in 


teaching in the 
textbor »k 


years. 
appeared: 


( 482 ) 


Dental Practice, by Comroe, Collins and 


Crane, all physicians, which gave a medi 
Treat hed 


Che present volume is the 2ad 


cal view of the subject and has 
its 3rd edition 
edition of a work produced by an author 
who is both a physician and a dentist and is 


Written pri 


should have a 


dentists 
book 

physicians as well Che 
Most of 
the chapters are documented with an exten 


R.K 


primarily a teacher ot 
marily for dentists, the 
great appeal for 
numrerous illustrations are excellent 


sive bibliography 


Living IN BaLaAnce. By FRANK S. Caprio 


Pp. 246, Washington, D.( Phe 
Arundel Press, Inc., 1952. Price, $3.75 
luis book is intended to give directions 


for understanding one’s self and other people 


It deals with neuroses, inferiority complexes 


undesirable personality traits, unhappy man 


husbands and Wives 


riage, jealousy, neurotic 
ilcoholism, suicide, as well as many other 
topics 

The author, v ‘th a well-meaning attempt 


thumb solution for the 


many complexities of human maladjustment 


to give a rule or 


has resorted to considerable boldness in in 


terpretation and some dogmatism in many 


of his statements. Such matters as dream in 


terpretation and happiness are treated with 
ondensed chapters called “Charts.” Phere 
is no index and there are no references 

©. 
ARZT-KASSE-VOLKSGESUNDHEIT. By Dr. MEpD 


Gustav SONDERMANN. Pp. 69. Munich: J]. I 
1952 DM 4.50 

plight ot the 
of a 
recital 


might 


Lehmanns Verlag Price 
A German 


under the 


version of the 
socialized 
that the 
read 


physician 


medical program: a_ tragic 


physicians of this country with 
The reviewer quotes this sentence, of 
that 


in the consum 


profit 
typical Teutonic complexity, carries a 
lesson: “We Germans 
the last decade 
to learn much that is still hidden from 


other peoples; it remains to be seen whether 


major 
ing fires of had the oppor 


tunity 


in the aggregate, we shall make good use of 
this opportiunity—we physicians certainly want 
to; and the first thing, that has become clear 
to us in these times and out of the events 


of the past, is this: the nature and value of 


t 


BOOK REVIEWS 


man, of the individual must stand at 


the center of our thinking and action: every 


political and economic system which denies 
to the 
ilso has no place for the physician as we 


individual such value and_ existence 


conceive him.” R. K. 
ALLERGY IN RELATION TO PEDIATRICS. By 
Bret Ratner, M.D., Prof. Clin. Pediat. 
and Assoc. Prof. Immunol., New York 
Medical College. Pp. 228; 12 ills. St. Paul: 
Bruce Publishing Co., 1951. Price, $3.75. 

THERE are presented 16 articles by 17 con- 
tributors on various aspects of allergy as 
bserved in children. The material is the 


substance of a Panel Discussion held at the 
Annual Meeting of the American College of 
Allergists in 1949. It offers a wealth of prac- 
tical information in this important field 


R.K 


SOMATIC AND PsycHiaTrRic ‘TREATMENT 
AstuMaA. Edited by Harotp A. ABRAMSON, 
M.D., Assoc. Phys. and Chief, Allergy Clinic, 
Mt. Sinai Hosp., New York. Pp. 751; 90 
ills. Baltimore: Williams & Wilkins Co 
1951. Price, $11.00 


luis book is a compilation of 35 chapters. 
34 contributors, on of 
lergy, clinical, theoretical and problematic 
arranged in sections entitled, “Basic 
General Testing and Treatment; 


OF 


various aspects 


Phe are 


Concepts, 


Nature of Inhalant Allergens and _ their 
herapy (sic); Somatic Therapy; Psycho- 
therapy; and Special Geography.” There is 


nnecessary duplication and not too good a 
irrelation. There is undue emphasis on much 
controversial. There is heavy 
the psychotherapeutic approach 
such concepts as “parentectomy.” The 
1k is not recommended R.K. 


it is em- 


on 


ANDARD VALUES IN BLOop. Edited by 
C. Avsrrrron, A.B., M.D. Pp. 199. 
dayton, Ohio: Wright-Patterson Air Force 
1951. 
luis work constitutes the first portion of 
Handbook of Biological Data which has 
n undertaken by a special committee of 
American Institute of Biological Sciences 
rating under the National Research Coun- 
Standard values in blood for man and 
er vertebrates are given in tabular form, 
sections devoted to the following: 
sical Properties; Coagulation Phenomena; 
od Groups; Erythrocytes and Hemoglobin; 


ise, 


AND NOTICES 
Leukocytes; Blood and Bone Marrow Cells; 
Water, Carbohydrates, Lipids, and Proteins; 
Amino Acids and Non-Protein Nitrogen 
Compounds; Phosphorus and Sulfur Com- 
pounds: Vitamins, Hormones and Enzymes; 
Electrolytes, Minerals, Gases, and Acid-Base 
Values: Effects of Radiation and Storage; and 
Effective Blood Levels of Therapeutic 
Agents. Some idea of the completeness and 
reliability of the report can be judged from 
the fact that the data have been supplied 
and authenticated by over 600 leading in- 
vestigators in biology and clinical medicine 

This volume will be weleomed by clini- 


cians, clinical pathologists, and research 

workers in many fields. 

CLorTinc AND ALLIED PROBLEMS 
Transactions of the Fourth Conference. 
lanuarv 22-23, 1951. New York, N.Y. 


Edited by Josern FE. Fiynnx, Dept. of Path., 
College of Physicians and Surgeons, Colum- 
bia University. Pp. 271; 81 ills. New York: 


Josiah Macy, Jr., Foundation, 1951. Price. 
$4.00. 

Tus is a verbatim report of the Fourth 
Conference on Blood Clotting and Allied 
Problems which met January 22-23, 1951. 


As in preceding transactions, the discussions 
are informal and represent the views of a 
number of outstanding authorities on the 
following topics: Methods for Direct Investi- 
gation of Factors Leading to Thrombosis: 
Studies on Canine Hemophilia; Character- 
istics of Blood Platelets: Their Significance in 
Thrombus Formation; Morphological and 
Physiological Studies of Platelets and Hemo- 
stasis; Antithrombin—Alpha Tocovherol; and 
the Transition of Fibrinogen to Fibrin. In ad- 
dition, there is a section on “Polarographic 
Studies of the Fibrinogen-Fibrin Reaction.” 
While the volume is perhaps of greatest 
value to workers investigating the complexi- 
of blood coagulation, it contains 
manv worthwhile practical suggestions for 
application in medicine and surgery. C. Z. 


tes also 


406 
Or- 


Pp. 
Health 


INTERNATION ALIS 


World 


PHARMACOPOFIA 
Geneva, Switzerland: 
ganization, 1951. 
Tuts book is a milestone in human prog- 
Efforts to produce an_ international 
pharmacopoeia began in 1874 and have con- 
tinued at intervals ever since. Thev have cul- 
minated in the issuance of this volume. It is 
not intended to be a legal pharmacopoeia 


Tress. 


™ 


tS4 BOOK 
country but it could be so 
pharmacopoeial authority of 
arrangement fol 


binding on any 
idopted by the 
that Form 
low current practice with most international 
international nomencla 
drugs the Latin 
universality. In addition to the descriptions of 
there are 43 appendices that 
such things as lists of reagents and test solu 
various tests 
lists of 
Volume 
sterility 


country and 
pharmacopoeias An 


ture of uses language for 


drugs. 


metals, 
purity 


heavy 
and 


maximal doses of drugs 


tions, tests for 


for potency, assay and 
usual and 
29 will deal with data on 


tests, pvrogen tests and others R.K 


injections, 


UROLOGICAL PATHOLOGY. Bv Perer A. HER 
M.D... Prof. of Pathology, Jefferson 
College of Philadelphia. Two vol 

1221; 527 ills. Philadelphia: Lea 
1952 $24.00 


BUT, 
Medic il 
umes. Pp 
ind Febiger, Price 
Dr. HeERBU1 written 
on the pathology of the 
the mal 


section on the 


has a complete text 


urinary system and 
genital svstem and has included a 
idrenal gland for good meas 
opus appears to be directed prin 
collection 


should know about his sp 


ure. This 


cipally toward the urologist as a 
ot evervthing he 
cialty \ rigid pattern of discussion is used 
The matter is presented according to regions 
ind a summary of the normal anatomy and 
physiology precedes the account of the dis 
Each important 
this 


then presented under the headings of defini 


eases related to each region 


condition which may involve region is 


tion, distribution, cause, clinical manifesta 
tions, @ross appearance microscopic appear®r 
ince, complications. clinicopathological cor 


relation, diagnosis, treatment and 


As one 


volumes one 


prognosis 
through these 
that there 
deal of 


disease 


consecutively 
the 
is considerable overlapping. A 
print 


reads 
gets impression 
Zor rd 
the 
discussed iS t 
dealt 


might have been saved if 


had 


regional variations 


processes be en whok 
and th 
summary 


This method of 


with in a 


presentation may be de 
fended on the basis of the use for which the 
book is intended. The 
to consider a disease in terms of the altered 
of the region involved. A papil- 
loma of the bladder may be quite different in 
its manifestation than one in the ureter for 
example. Thus the urologist is probably less 
interested in a concise presentation than he 
is in a thorough discussion which he can find 
without reading through a considerable ma- 
terial in which, at the moment at least, he 


urologist is inclined 


phy siology 
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AND NOTICES 


the book is 


treating dis 


is not particularly interested. I 
the 


ease of the 


who Is 
tract I 
If it is also inte nded as 


meant for clinician 


urogenital believe — it 
achieves its purpose. 
a text for medical students as the 
claim I am afraid we shall have 


than the 


publishers 
to designate 
more time for this subject ustial 
curriculum allows 

upon the 


Certain clinicians may comment 


advisability of including discussion of 
treatment in a text of pathology. In defenss 
of the presentation it should be said that this 
aspect is verv brief and is probably permis 
sible in order to complete the disease picture 

If for no these volumes 
should be of great their bibliog 
the end of each regional section 
there is a list of 
run into the hundreds. It is apparent 
Dr. Herbut has carefully sifted the 


other reason 

value for 
raphies. At 
whic h 
that 


literature 


reterences most ot 


of the last twenty-five vears and has put 
down a consensus of nearly evervone whi 
has written in this field 

Again it seems to this reviewer that. this 
work is an important one for the urologist 


ind those who are training in this specialty 
Dr. Herbut 


organizing 


has used his teaching talents in 
coordinating the knowledge 
fie Id 


in a readable manner E. A 


and 


in this particular ind in presenting it 


[THE ENzyMeS. CHEMISTRY AND MECHANISM 
oF Action. Edited by JAMes B. SuUMNEI 
Cornell Univ ind Kart Myrsack, Bioke 
miska Inst., Stockholm Vol 2 rt 2 Pp 
791-1440; ills. New York: Academic Pres 
1952. Price. $14.00 

THis volume concludes the enevclopedii 
work on the chemistry and mechanism ot a 
tion of the enzymes, published in 4 parts 
total of 2801 pages. For a general discus 
sion and review of the first 3 parts, reter 
ence should be made to the Am. T. Med 
Sci., 221, 474, 222, 699, 1951. and 223, 346 
1952. The present volume contains 14 chan 


ters written by 16 specialists in various field 
of enzymology. The 
Bacterial Fermentation by S. R 


covere | are 


Elsden: Fi 


subic cts 


zymes in Detoxication by Frederick Bern 
heim; Urea Synthesis by H. A. Krebs: Pep 
tide Bond Synthesis, and Enzymatic Syn 


thesis of Glutamine by Philip P. Cohen; Syn 
thesis of Acetylcholine (Choline Acetylase 
by Klas-Bertil; Oxidative Assimilation by 
Microorganisms bv C. E. Clifton: Enzymati: 
Mechanisms of Carbon Dioxide Fixation by 
Severo Ochoa; Carbohydrate-Fat Conver 
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sion by F. L. Breusch; Photosynthesis in 
Green Plants by Walter E. Loomis; Bacterial 
Photosynthesies by C. B. Van Niel; Nitro- 
gen Assimilation by Artturi I. and Niilo Rau- 
Tumor Enzymology by Jesse P. 
Greenstein and Alton Meister; Enzyme Tech- 
nology by A. F. Langlykke, C. V. Smythe, 
and D. Perlman. 

Like the preceding volumes, the final part 
is an indispensable tool for workers in al- 
most any field of the chemical and biological 


B.L. 


tanen; 


sciences 


DIABETES AND PREGNANCY. By RaALcpH A. 
Reis, M.D., Epwin J. DeCostra, M.D., and 
M. Davin Atiweiss, M.D. Pp. 78; 4 ills. 
Springfield, Ill.: Charles C 1952 
Price, $2.50. 


Thomas, 


Tue authors of this short monograph are 
well known in circles for their 
recent report of a series of personally man- 
iged diabetic 


obstetrical 


pregnancies in which excellent 
results for mother and infant were obtained 
without the use of 


therapy 


adjunctive sex steroid 
Their exposition, based upon. their 
clinical studies and a brief survey of recent 
literature, is a concise review of the practical 
ispect of the subject. In their appraisal of 
various methods of therapy, they 
icknowledged that 
have been due in part to their encountering 
it high proportion of the milder forms of dia- 
betes among their patients. This objectivity, 
ind the very apparent and_ skill with 
vhich they have managed their patients, en- 
lances the value of their views, and makes 
their booklet one of the most readable and 


modestly 


their own good results 


care 


iseful accounts of diabetic pregnancy that 
is appeure d in recent years C.B. 
Case Histories PsycHosoMaAtTic MEeEpb- 


ICINE. By THE 
SERVICE, 


STAFF OF THE PSYCHIATRIC 
MAssAcHusetTts GENERAL Hos- 
PITAL Boston, MAss. Edited by Henry H 
W. Mires, M.D., Coss, M.D., and 


Hartey C, SuHanps, M.D. Pp. 301; 4 ills. 
New York: W. W. Norton & Co., Inc., 1952. 
Price, $4.50 

luis is a compilation of psychosomatic 


mferences previously published in various 
vedical journals. They serve the same pur- 
pose in this era of the integration of psy- 
iatry and medicine that clinico-pathologic 
onferences served in relation to the study 
t organic disease. For example, the prin- 
ples learned in psychiatry are applied to 
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the doctor-patient relationship as it exists in 
medicine and surgery and this is illustrated 
by short but appropriate case reports. The 
psychological traumatic effects of tonsillec- 
tomy—ordinarily regarded as an innocuous 
operation—are pointed out in several con- 
ferences. Important material is discussed re- 
garding the dangers of deep psychotherapy 
in ulcerative colitis and here, too, one notes 
the opportunity for cooperation between 
medicine and surgery and psychiatry. There 
good anorexia nervosa: 
some rare neurological cases; as well as many 
of the problems that present 
themselves in general hospital work. 

The material is not dealt with exhaustivels 
from psychological standpoint and hence 
will not have great value for the dynamically 
trained psychiatrist, but they are written for 


is a discussion of 


commoner 


a general medical audience and for that 
purpose are recommended. E.W. 
TRANSACTIONS OF THE AMERICAN GOITER 
AssociATION. Pp. 506; illustrated. Spring- 
field, Ill.: Charles C Thomas, 1952, Price 
$12.50. 

Tus volume includes the papers which 


were presented at the 1951 Annual Session of 
the American Goiter Association. It is a par- 
ticularly valuable book and should be in the 
library of everyone interested in thyroid dis- 
ease. There are fascinating articles on both 
clinical and experimental subjects. 


wir 


THe Ficur <AGainsr TuBercutosis. AN 
AUTOBIOGRAPHY. By FRANCIS MARION Pot 
rENGER, M.D., Medical Director, Pottenger 
Sanatorium, Monrovia, Calif. Pp. 259; 4 ijs 
New York: Henry Inc., 1952 
Price, $4.00. 

THe author was born in 1869 on an Ohio 
farm. When 10 years old his interest in 
science and especially medicine was inspired 
by the family physician who attended him 
for a severe fracture—dislocation of the right 
elbow. College, medical school (a two year 
course), a postgraduate year in Europe, and 
young Pottenger was ready to embark upon 
general practice. When his wife develoved 
tuberculosis, Pottenger learned how little 
was known about the treatment of that prev- 
alent and usually fatal disease. By personal 
contact and correspondence with students of 
tuberculosis he made himself a_ specialist. 
and eventually became recognized as one of 
the outstanding American phthisiologists. 


Schuman, 


BOOK REVIEWS 


In his autobiography Dr. Pottenger reviews 
The establishment of 
the Pottenger Sanatorium at Monrovia, Cali- 


his long, busy career 


fornia, his contacts with other pioneers, both 
here and abroad, teaching, research, founding 
societies, public health work—these and other 
activities made for a very full life 

The book is written in clear though never 
pretentious, stylistic language. 
It should be of interest to medical and lay 
workers in the field of tuberculosis. R.C 


technical or 


ELEMENTARY MEDICAI STATISTICS By 
DonaLpD MAINLAND, D.Sc., 

Statistics, New York University College of 
Medicine. Pp. 327; 23 figs., 2 charts. Phila- 
delphia: W. B. Saunders Co., 1952. Price, 
$5.00. 


Protessor of 


Tus text is developed to provide statistical 
tools for medical researchers, to be used to 
test past reports and to scrutinize current 
investigation. The author has limited him- 
self to a few applicable 


illustrated by practical examples. 


easily methods, 
which are 
Phere is an introductory section, prepared as 
the text for 16 one-hour lectures to pre- 
medical or first year students, and an ad- 
vanced section for researchers proper. Few 
medical schools can afford this many lec 
tures, and it is even doubtful that elementary 
medical students will ever need this much 
statistical training to practice the art of heal- 
ing. Courses of 


instruction for beginning 


medical artisans and graduate medical re- 
searchers cannot be compatible. The text in- 
cludes many practical examples, in fact, it 
bristles with numbers. The author has, per- 
haps, overemphasized the practical aspect at 
great cost in understanding the continuity of 
the statistical philosophy that must also be 
included. Therefore the text is very difficult 
for first year students, unless extraordinary 
preceptors are also available. nF: 


HISTOPATHOLOGICAL TECHNIC. By ARAM A 
KraziAn, Sc.D. and R. B. H. Grapwort, 
M.D. 2nd ed. Pp. 349, 131 ills., and. 7 color 
plates. St. Louis: C. V. Mosby Co., 1952. 
Price, $6.75. 

KRAZIAN'S original “Histological Technic” 
has been expanded to approximately twice its 
size in this new edition. This expansion has 
not necessarily improved its usefulness in all 
respects. The older book was a collection of 
routine methods of tissue sectioning and 
staining arranged in the simplest manner, 


AND NOTICES 


a manual in every sense of the term. It served 
admirably as a text for students of medical 
technology because it was brief prac- 
tical. Dr. Gradwohl’s larger and more com 
plete volume serves as the standard laboratory 
guide and reference book. Thus the new vol- 
ume, in which Dr. Gradwohl has collaborated, 
is made more complex (and expensive) for 
the student yet contributes nothing that the 
larger book has not had for many years 

This volume will find its principal use in 
the hospital laboratory of pathologic anatomy 
Actually, it fills a long felt 
taking the place of Mallory’s manual which 


need here by 


has been out of print for several years. For 
this purpose it should enjoy a wide usage 


E. A 


NEW BOOKS 


Final Report of International Conference on 
Science Abstracting, convened by the 
United Nations Educational, Scientific and 
Cultural Organization, in Paris, from 20 to 
25 June, 1949. Pp. 192; 10 ills. New York: 
Columbia 1952 
$2.00. 


University Press, Price 


Report on the Activities and the Meeting of 
the Co-ordinating Committee on Abstract- 
ing and Indexing in the Medical and Bio 


logical Sciences. Pp. 92. United Nations 
Educational, Scientific and Cultural Or- 
ganization (American agents, Columbia 


University Press, New York), 1952 
$.85. 


Price 


Atlas of Framboesia. By K. R. R. Kont 
TAT AND M. Sarpapr. Pp. 19; 42. ills 
Geneva: World Health Organization, 1951 
Price, $1.00. 

THE purpose of this publication is to describe 
with the aid of photographs the skin manifestations 
of yaws, and to present a nomenclature for these 
lesions. The pictures are well done and the ac 
companying text lists all current synonyms. The 
clinical description should be of particular use t 
doctors and nurses in the field 


\Memorie e Comunicazioni Scientifiche 1931 
1951. By Pror. Cesare SERONO. Pp. 509 
illustrated. Rome: Instituto Nazionale Medi 
co Farmacologico Serono, 1952. 

THERE are presented reprints of 41 articles an 
addresses in the field of biology and opotherapy 


which the author published between 1931 an 
1951. 


( 


Ele 


Sig 


Inc 


y 
é 
«a 
\ 
3 
He 
Pr 
Re 
3 
T 
i Co 
Th 
4 
Pr 
A 
Th 


